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[54] Name of Invention: Pressure Sensitive Adhesive and Its Related Products 

[57] Abstracts 

This invention provides a water dispersible pressure sensitive adhesive. In one application 
example, the said adhesive consists of micro (granular) particles and a water dispersible component. 
In another application example, the said adhesive consists of a novel water dispersible polymer with a 
large amount of polyalkoxy-alkyl-acrylate as its major component. The said polymer may be used as 
the water dispersion component. The pressure sensitive adhesive can be prepared into tapes, and 
used as label for container, sterilization indicator and label, sealing system for envelope, surgical 
dressing (bandage), and body cover for mammals. It can also be used to prepare a splicing material 
for paper rolls; in another application example, the adhesive tape is repulpable; yet in another 
application example, it is washable. 
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Patent Claims 

1. An usually tacky (sticky) pressure sensitive adhesive composition, which consists of a mixture 
of the following components: 

A) A solvent insoluble but dispersible elastomeric polymer micro-particles component; and 

B) a water dispersible polymer component. 

2. A pressure sensitive adhesive composition as in Claim 1, the characteristics of which is that it 
consists of 0.1-99.9 parts of the said micro particle component by weight, and corresponding 99.1-0.1 
parts by weight of the said water dispersible component. 

3. A pressure sensitive adhesive composition as in Claim 1, the characteristics of which is that 
portion of the micro particle component may be solid particles, or particles containing at least one 
void. 

4. A pressure sensitive adhesive composition as in Claim 3, the characteristics of which is that: 

(A) The micro particle component is consisting of polymer with the following components: 

(1) 100 parts or less by weight of at least one type of free radical polymerizable monomer, 
the said monomer is selected from alkyl acrylate, alkyl methacrylate, vinyl ester and their mixtures; 

(2) 0-30 parts by weight of at least one polar monomer that is capable of copolymerize with 
the free radical polymer monomer A (1); 

(3) 0-40 parts by weight of at least of a hydrophilic oligomer or polymer component that is 
capable of copolymerizing with the free radical polymer monomer A (1) or the polar monomer A (2); 

(B) The water dispersible polymer component consists of polymers with the following 
components: 

(1) 50-98 parts by weight of a water soluble poly-alkoxy alkyl acrylate, and 

(2) 50-2 parts by weight of a carboxylic acid. 

5. A pressure sensitive adhesive composition as in Claim 4, the characteristics of which is that the 
micro particle component consists of 80-98 parts (by weight) of a free radical polymerizable monomer, 
1-17 parts by weight of a polar monomer, and 1-18 parts by weight of a hydrophilic oligomer or 
polymer. 

6. A pressure sensitive adhesive composition as in Claim 5, the characteristics of which is that the 
said hydrophilic component consists of macro monomers with the following general formula: 

X-(Y) n -Z 

where: X is a functional group that is copolymerizable with a free radical polymerizable monomer and 
an optional polar monomer; 
Y is a divalent linking group; 



n is an integer 0 or 1 ; and 

Z is a mono-valent hydrophilic polymer or oligomer with a degree of polymerization equal to 
or greater than 2. 

7. A pressure sensitive adhesive composition as in Claim 5, the characteristics of which is that the 
water dispersible polymer component also consists of 0-40 parts by weight of an essentially water 
insoluble alkyl acrylate and 0-6 parts by weight of an emulsifier monomer. 

8. A pressure sensitive adhesive composition as in Claim 7, the characteristics of which is that (it 
consists of) 80-95 parts by weight of a water soluble polyakloxy alkyl acrylate, 20-5 parts by weight 
of the said carboxylic acid, and 0-4 parts by weight of the said emulsifier monomer. 

9. A pressure sensitive adhesive sheet, which consists of a layer of an usually tacky (sticky) 
pressure sensitive adhesive as described in Claim 1. 

10. A pressure sensitive adhesive tape as in Claim 9, the characteristics of which is that the said 
usually tacky pressure sensitive adhesive sheet is coated on at least one side of a flexible (soft) carrier 
(support) material. 

11: A pressure sensitive adhesive tape as in Claim 10, the characteristics of which is that the said 
usually tacky pressure sensitive adhesive layer is removably bonded to the said flexible support. 

12. A pressure sensitive adhesive tape as in Claim 11, the characteristics of which is that the said 
usually tacky pressure sensitive adhesive layer is essentially permanently bonded to the said flexible 
support. 

13. A pressure sensitive adhesive tape as in Claim 12, the characteristics of which is that the said 
tape is repulp-able. 

14. A repulp-able pressure sensitive adhesive tape, consists of a thin layer of an usually tacky 
pressure sensitive adhesive composition as in Claim 1, the characteristics of which is that the micro 
particle component is a suspension polymerization material. 

15. A water dispersible pressure sensitive adhesive tape as in Claim 14, the characteristics of 
which is that it consists of 10-95 parts by weight of the said micro particle component, and 90-5 parts 
by weight of the said water dispersible polymer component. 

16. A repulp-able pressure sensitive adhesive tape, , as in Claim 15, the characteristics of which is 
that it consists of 50-95 parts by weight of the said micro particle component, and 50-5 parts by 
weight of the said water dispersible polymer component. 



17. A washable pressure sensitive adhesive tape, as in Claim 15, the characteristics of which is 
that it consists of 10-50 parts by weight of the said micro particle component, and 90-50 parts by 
weight of the said water dispersible polymer component. 

18. A washable pressure sensitive adhesive tape, as in Claim 17, the characteristics of which is 
that it consists of 10-40 parts by weight of the said micro particle component, and 90-60 parts by 
weight of the said water dispersible polymer component. 

19. A pressure sensitive adhesive tape as in Claim 14, the characteristics of which is that the said 
micro particle component is a pressure sensitive adhesive. 

20. A pressure sensitive adhesive tape as in Claim 14, the characteristics of which is that the said 
water dispersible polymer component is a pressure sensitive adhesive. 

21. A fabric that is covered with the pressure sensitive adhesive tape described in Claim 18. 

22. A fabric as in Claim 21, the characteristics of which is that it is in the form of a cover for the 
body of a mammal. 

23. A pressure sensitive adhesive tape as in Claim 10, the characteristics of which is that it is in 
the form of a sterilization indicator. 

24. A splicing material, that consists of pressure sensitive adhesive tape described in Claim 14, 
for joining the first and the second re-pulp able tapes. 

25. A water dispersible pressure sensitive adhesive polymer that is used as component B) of 
Claim 1 it consists of emulsion polymerization products with the following compositions: 

A) 50-98 parts by weight of a poly alkoxy alkyl acrylate, and 

B) 50-2 parts by weight of a carboxylic acid; 

C) 0-40 parts by weight of an essentially water insoluble alkyl acrylate; 

D) 0-6 parts by weight of an emulsion monomer that is copolymerizable with the said poly 
alkoxy alkyl acrylate, or the carboxylic acid. 

26. A pressure sensitive adhesive tape, the characteristics of which are that it includes a layer of 
an usually tacky pressure sensitive adhesive polymer as in Claim 25. 

27. A pressure sensitive adhesive tape in Claim 26, the characteristics of which is that the said 
pressure sensitive adhesive polymer layer is coated, at least partially, on some area of at least one 
surface of a flexible carrier material. 



28. A pressure sensitive adhesive tape, which includes a flexible repulp-able carrier layer, at least 
portion of the first surface of the said carrier has an usually tacky pressure sensitive adhesive polymer 
layer as described in Claim 25; at least portion of the second surface of the said carrier layer has a 
release agent; the said second surface of the said carrier layer is on the opposite side of first surface of 
the said carrier. 



Descriptions 



Pressure Sensitive Adhesive and Its Related Products 

Technical Domain of the Invention 

This invention concerns a pressure sensitive adhesive and its related products. 

Background of Invention 

Pressure sensitive adhesive (PSA) has been wildly used in many applications. The 
characteristics of these adhesives are that they are usually tacky (sticky) at room temperature (such as 
20°C); at most, it requires only a very light finger pressure to bond to a surface. They exhibit a 
balance between the viscoelasticity and elasticity; such balance leads to the quadruple balance among 
adhesion, cohesion, tensile property, and elasticity. They have sufficient cohesiveness and elasticity, 
thus they can be bonded through touching and also be removed from a surface, without leaving a 
residue even if it is very tacky. Pressure sensitive adhesive should not contain composition merely 
because such composition is tacky or capable of bonding to a surface. 

Pressure sensitive adhesive containing micro particles is one type of pressure sensitive adhesive. 
Such pressure sensitive adhesive contains a large amount of micro particles; these micro particles may 
be, or may be not an inherently pressure sensitive adhesive; they may be hollow, or solid particles. 
Micro particle containing pressure sensitive adhesive may also contain bonding agent that can help to 
secure the micro particles to a substrate. If necessary, such adhesive may be inherently pressure 
sensitive; for example, refer to U.S. 3,857,731 (Merril et al.); U.S. 4656,218 (Kinoshita); U.S. 
4,735,837 (Miyasaka et al.); U.S. 4,855, 170 (Durvall et al.); U.S. 4,994,322 (Delgado et al.); U.S. 
5,118,750 (Silver et al.); and WO 93/02855 (Mallya et al.). The adhesive made public in these 
literatures are not water dispersible. When re-pulping, they form clusters, and producing adhesive 
globlets. These globlets (refer to as "adhesive material" (?) in the field) will clog up the sieve used in 
the re-pulping process, resulting in an increase of production time and cost. In addition, any globe 
that can not be removed by the sieve will affect the quality of the recycled paper produced. 
Therefore, there is a demand for readily repulp-able water dispersible pressure sensitive micro particle 
adhesive. 

Brief Description of Invention 

This invention overcomes the disadvantages of present technology. On one hand, this invention 
is providing an usually tacky pressure sensitive adhesive composition, which is composed of the 
following mixtures: 

A) A polymer micro particle component which is not soluble but dispersible in a solvent; and 

B) a water dispersible polymer component. 

The micro particle component consists of 0.1-99.9 parts by weight of the adhesive composition, 
and correspondingly, 99.9-0.1 parts by weight of the water dispersible adhesive composition. 

On the other hand, this invention provides a water dispersible pressure sensitive adhesive 



composition, the said composition consists of the following emulsion polymerization products: 

A) Approximately 50-98 parts by weight, but preferably approximately 80-95 parts by weight of 
poly alkoxy alkyl acrylate, and 

B) approximately 50-2 parts by weight, but preferably approximately 20-5 parts by weight of a 
carboxylic acid. 

These polymers, consist of primarily poly alkoxy alkyl acrylate elements, are pressure sensitive 
adhesive. 

The adhesive composition of this invention is preferably water dispersible. Comparing to the 
current technology, it has one or more improvements in the performance of adhesion, tackiness, and 
moisture resistance. Such adhesive composition may be prepared into a bulk form or any necessary 
pressure sensitive adhesive sheets of required width. It could be a narrow strip, a tape, or a wide film. 
In all cases, the pressure sensitive adhesive sheet is a thin layer (in general, the thickness is less than 
125 In addition, the adhesive layer may be coated on one or more corresponding surfaces of a 
flexible substrate; if the adhesive layer is removable from the coated substrate, the product is referred 
to as an adhesive transfer tape; if the adhesive is essentially permanently bonded to the substrate, then 
the carrier is referred to as a backing. 

The adhesive thin film of this invention has many applications. For example, it can be used to 
manufacture repulpable paper splicing material (permanent or temporary). In addition, such adhesive 
may be used in label for container, sterilization indicator tape and label, sealing system for container 
such as envelope, sealing system for surgical dressing, and body cover for mammals (such as surgical 
gown, sheet, and drape, etc.). After reading this disclosure, other applications for the adhesive and 
tape of this invention become apparent to those technical personnel who are familiar with the field. 

In this description, the following terms have the following meanings: 

"Water dispersible" refers to those particles that pass TAPPI UM-2 1 3 Test or Washing Test. The 
two tests mentioned above will be described in details later. 

"Mixing" is referring to the physical mixing of the micro particles and water dispersible polymer 
component. Although they may be binding through hydrogen bonds, but these components are not 
covalently bonded. 

Detailed Descriptions 

Micro Granular Particle Component 

The micro particle component used in this invention consists of polymeric elastomeric micro 
particles that are insoluble in a solvent but is dispersible in the solvent. If necessary, these micro 
particles may be an inherently pressure sensitive adhesive, although it is not required. In addition, if 
necessary, a crosslinking agent may be added. During preparation, the micro particles are usually 
spherical. Their average diameter is usually 1-300 microns (preferably 1-50 microns). The micro 
particles used in this invention may be solid, or hollow. Hollow micro particles may have more than 
one pore. In general, the average diameter of the pores of the micro particles is less than 100 
microns. 

The micro particles may be prepared through various emulsification processes. For example, 
the micro particles may be prepared by suspension polymerization with the following "two step" 
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emulsion polymerization process. The process includes the following steps: 

a) Formation 

(i) Mix an aqueous solution of a polar monomer with an oil phase monomer to form a 
water-in-oil emulsion; the oil phase monomer is selected from alkyl (meth)acrylates and vinyl 
acrylates; 

(ii) the water-in-oil emulsion is dispersed in an aqueous phase, to form a 
water-in-oil-in-water emulsion; 

b) Initiate polymerization, preferably through heating or radiation. 

In the said method, the first step preferably involves formation of a water-in-oil emulsion of an 
aqueous solution monomer (at least portion of which is a polar monomer) in an oil phase monomer 
(namely, at least one (meth) acrylate or vinyl ester monomer, and optional hydrophilic oligomer and/or 
polymer with free radical reactivity), with an emulsify agent with a low hydrophilic-lyophilic-balance 
(HLB) value. A suitable emulsifier has a HLB value of approximately smaller than 7, preferably 2-7; 
examples of such emulsifiers include sorbitan mono-oleate, sorbitan tri-oleate, and ethoxylated oleyl 
alcohol such as Brij™ 93 (obtained from Atlas Chemical Industries, Inc.). 

In the first phase of the first step, an oil phase monomer, an emulsifier, a free radical initiator, and 
an optional free radical reactive hydrophilic oligomer and/or polymer, as well as optional cross-linked 
monomer or monomer defined below are combined; stir the aqueous solution containing all or portion 
of the polar monomer(s) then pour into the oil phase mixture to form a water-in-oil emulsion. 
Hydrophilic oligomer and/or polymer with free radical reactivity may be added to the oil phase or 
aqueous phase. Thickening agent, such as methyl cellulose, may be added to the water phase of the 
water-in-oil emulsion. In the second phase of the first step, the water-in-oil emulsion is dispersed in 
the aqueous phase of an emulsifier with a HLB value of approximately 6, forming a 
water-in-oil-in-water emulsion. The aqueous phase may also contain the optional portion of the polar 
monomer(s) that is not added in the first step. The examples of these emulsifiers include ethoxylated 
sorbitan mono-oleate, ethoxylated lauryl alcohol and alkyl sulfate. In both steps, when using an 
emulsifier, its concentration should be larger than its critical micelle concentration; the critical micelle 
concentration is defined in this article as the minimum emulsifier concentration required to form 
micelles (submicroscopic aggregates of emulsifier molecules). The critical micelle concentration is 
slightly different for each emulsifier; the useful concentration is approximately 1.0 x 10" 4 to 3.0 
moles/liter. Other details of preparation of water-in-oil-in-water emulsion (i.e. multiple emulsion) 
can be found in various literatures, such as "Surfactant Systems: Their Chemistry, Pharmacy, & 
Biology (D. Attwood and A. T Florence, Chapman & Hall Limited, New York, 1983). If the 
water-in-oil-in-water emulsion is stable, hollow micro particles with multiple voids will be produced. 

The second step (final step) of the said method includes applying heat or radiation to initiate 
polymerization of the monomers. Useful initiators are free radical polymerization initiators generally 
used for acrylate or vinyl ester monomers; these initiators are oil soluble, and have a very low 
solubility in water. However, when the polar monomer is N-vinyl pyrrolidone, benzoperoxide is 
suggested as the initiator. The initiators include azo compounds, hydroperoxides, peroxides, and 
photo-initiators (such as benzophenone, benzoin ethyl ether, and 2,2-dimethoxy-2-phenyl 



acetophenone). 

Using water soluble polymerization initiator will result in the formation of substantial amount of 
latex. Extremely small latex particles will result significantly in the formation of undesirable latex. 
The amount of initiator used is generally in the range of approximately 0.01-10 percent by weight, 
preferably approximately 5 percent by weight, based on the total weight of the polymerizable 
composition. 

Micro particles may also be prepared by a simpler emulsification process (an "one step process"). 
The method involves, in the presence of at least one emulsifying agent, polymerization of an aqueous 
suspension of at least one alkyl methacrylate monomer or vinyl ester monomer and at least one 
optional polar monomer. The said emulsifying agent is capable of producing water-in-oil emulsion 
inside the basically stable droplets during the emulsification and polymerization processes. In the 
said method, the aqueous suspension optionally and preferably also consists of hydrophilic oligomer 
and/or polymers with free radical reactivity. 

In the two step emulsification process, the concentration of the emulsifying agent employed is 
larger than its critical micelle concentration. Examples of such emulsifying agent include alkyl aryl 
ester sulfate, such as sodium alkyl aryl ether sulfate, for example, Triton™ W/30 (obtained from 
Rohm and Haas); alkyl aryl ether sulfates such as alkyl aryl poly-(ethylene oxide) sulfate, preferably 
those containing up to 4 ethylene oxide repeating units; and alkyl sulfate, such as sodium lauryl sulfate, 
ammonium lauryl sulfate, triethanolamine lauryl sulfate, and sodium hexadecyl sulfate; alky ether 
sulfates, such as ammonium lauryl ether sulfate, and alkyl polyether sulfates, such as alkyl poly 
(ethylene oxide) sulfates, preferably those containing up to 4 ethylene oxide units. Alkyl sulfates, 
alkyl ether sulfates; alkyl aryl ether sulfate and their mixtures are preferred, since they provide a 
maximum void volume per microsphere with the minimum amount of surface active agent. 
Non-ionic emulsifiers such as Siponic™ Y-500-70 (ethoxylated oleyl alcohol, obtained from Alcolac, 
Inc.) and PLURONIC™ P103 (a polyethylene oxide and polypropylene oxide block co-polymer, 
obtained from BASF Company) may be used singularly or in conjunction with anionic emulsifiers. 
Polymer stabilizer(s) may also be added, however, it is not essential. 

Both the "two step" and the "one step" methods produce an aqueous suspension of monomer 
droplets. The droplets become microparticles during polymerization. Most of the microparticles 
contain internal cavities. These cavities become voids upon drying. 

Another method that may be used to prepare microparticles involves formation of an oil-in-water 
emulsion; the emulsion is then dispersed in an aqueous phase. The said aqueous phase consists of at 
least one alkyl (meth)acrylate ester monomer or vinyl ester monomer, and an optional free radical 
reactive hydrophilic oligomer and/or polymer. The method employs a suspension stabilizer, rather 
than an emulsifier. As a result, the method is forming micro droplets with no cavity. These micro 
droplets become solid micro particles upon polymerization. 

Segregated polymer micro particles may also be prepared by the suspension polymerization 
process as described in U.S. Patents 3,691,140; 4,166,152; 4,636,432; 4,656,218; and 5,045,569. 
The compositions of the adhesive are described in these patents. 

The process of preparation of this invention may be improved by withholding the addition of all 
or portion of the optional free radical reactive hydrophilic oligomer and/or polymer, and optional polar 



monomer, prior to initiate the oil phase polymerization. However, before 100 percent conversion, all 
of the components must be added to the polymerization mixture. 

Micro particles may be prepared from many materials. For example , alkyl acrylate and 
methacrylate monomers may be used to prepare such micro particles. These monomers are 
mono-functional unsaturated acrylate and methacrylate esters of non-tertiary alcohols. The alkyl 
groups of these alcohols are preferably having 4-14 carbon atoms. These acrylate ester monomers 
are oleophilic and water emulsifiable; their water solubilities are quite limited. For homopolymers, 
their glass transition temperature is generally lower than -10°C. The examples of such monomers 
include, but not limited to the following groups of monomers: iso-octyl acrylate, 4-methyl-2-pentyl 
acrylate, 2-methylbutyl acrylate, iso-amyl acrylate, sec-butyl acrylate, n-butyl acrylate, 2-ethylhexyl 
acrylate, iso-decyl methacrylate, iso-nonyl acrylate, iso-decyl acrylate and their mixtures. 

Preferred acrylate ester monomers are selected from iso-octyl acrylate, iso-nonyl acrylate, 
iso-amyl acrylate, iso-decyl acrylate, 2-ethylhexyl acrylate, n-butyl acrylate, sec-butyl acrylate and 
their mixtures. 

The acrylates, methacrylates, or other vinyl monomers (such as tert-butyl acrylate, iso-borneol 
acrylate, butyl methacrylate, vinyl acetate, acrylonitrile, and their mixtures) when forming homo 
polymers with glass transition temperature approximately higher than -10°C, may be optionally used 
along with one or more acrylate, methacrylate, and vinyl ester, whose glass transition temperature is 
approximately lower than -10°C when forming polymers. 

Vinyl ester monomers that are suitable for micro-particles include but not limited to monomers 
selecting from the following groups: vinyl 2-ethyl hexanoate, vinyl caprate, vinyl laurate, vinyl 
pelargonate, vinyl hexanoate, vinyl propionate, vinyl caprate (repeated, see above), vinyl octanoate 
and straight chain or branched carboxylic acid single functional unsaturated vinyl esters containing 
1-14 carbon atoms. The glass transition temperatures is approximately lower than -10°C when the 
said straight chain or branched carboxylic acid single functional unsaturated vinyl esters are forming 
homopolymers,. The preferred vinyl ester monomers include those selected from the following 
groups: vinyl laurate, vinyl caprate, vinyl 2-ethyl hexanoate and their mixtures. 

The polar monomers used for the preparation of the micro particles are, to certain degree , oil 
soluble and water soluble; which allow the polar monomers to distribute between the aqueous phase 
and the oil phase. Typical examples of suitable monomers include but not limited to selection from 
the following monomer groups: acrylic acid, methacrylic acid, itaconic acid, butanoic acid, maleic 
acid, fumaric acid, sulfoethyl methacrylate, and ionic monomers such as, sodium methacrylate, 
ammonium acrylate, sodium acrylate, trimethylamine p-vinyl benzimide, 
N,N-dimethyl-N-(beta-methoxy-ethyl) ammonium propionate betaine, N-vinyl pyrrolidone, 
N-vinylcaprolactam, acrylamide, tert-butyl acrylamide, dimethyl-amino-ethyl-acrylamide, N-octyl 
acrylamide, and their mixtures. Preferred polar monomers include selection from the following 
monomer groups: mono-olefin monocarboxylic acids, mono-olefin dicarboxylic acids, acrylamides, 
N-substituted acrylamides, and their salts and mixtures. Examples of such monomers include but 
limited to acrylic acid, sodium acrylate, N-vinyl pyrrolidone, and their mixtures. 

Optional micro particles may also include free radical reactive oligomers and/or polymers. 
These oligomers and/or polymers include but not limited to poly-alkylene oxides, such as 



poly-ethylene oxide, poly-vinyl methyl ether, poly-acrylamide, poly-N-vinyl pyrrolidone, poly-vinyl 
alcohol, and their mixtures. 

The functional derivatives of the free radical reactive hydrophilic oligomers and/or polymers 
used in the micro particles include macromers with the following general formula: 

X-(Y) n -Z 

where: X is a functional group, copolymerizable with free radical polymer monomer and free radical 
of 

the optional polar monomer; 
Y is a divalent linking group; 
n is an integer 0 or 1 ; and 

Z is a mono-valent hydrophilic polymer or oligomer with a degree of polymerization equal to 
or greater than 2. 

Examples of such macro monomers include but not limited to: oligomers and/or polymers with 
acrylate and methacrylate functionality, in which X represents H 2 C=CR 1 - where R 1 represents H or 
CH 3 ; Y is a divalent carboxyl group; n=l; and Z is a hydrophilic oligomer or copolymer with a degree 
of polymerization greater than or equal to 2. Such macromers also include, but not limited to, 
materials with p-styryl functionality, where X represents H 2 C=CR 1 -, R 1 represents H or CH 3 ; Y 
represents: 

— C$H4— CH2— 

n=l; and Z is a hydrophilic oligomer or copolymer with a degree of polymerization greater than or 
equal to 2. Di-fiinctional or multi-functional oligomers and/or polymers with more than one X group 
(such X group acted as a pendent group or a terminal group of the Z segment of the hydrophilic 
polymers or oligomers) that are capable of free radical polymerization with free radical polymerize 
monomers and polar monomers of the micro particles of this invention may also be used in the micro 
particles of this invention. 

Preferred macronomers include material selected from the following groups: acrylate terminated 
poly-ethylene oxide, methacrylate terminated (end capped) poly-ethylene oxide, methoxy-poly- 
ethylene oxide methacrylate, butoxy-poly-ethylene oxide methacrylate, p-vinyl benzyl terminated 
poly- ethylene oxide, acrylate terminated poly-ethylene glycol, methacrylate terminated poly-ethylene 
glycol, methoxy poly-ethylene glycol methacrylate, butoxy poly-ethylene glycol methacrylate, p-vinyl 
benzyl terminated poly-ethylene glycol, poly-ethylene oxide diacrylate, poly-ethylene oxide 
dimethacrylate, and their mixtures. Reasons for selecting these functional materials are that they can 
be easily prepared through well known ionic polymerization techniques, and are also highly efficient 
in providing grafted hydrophilic chain segment along the main chain of free radical polymerized 
acrylate polymers. 

Preferred macronomers also include material selected from the following groups: p-vinyl benzyl 
terminated poly-N-vinyl pyrrolidone, p-vinyl benzyl terminated poly-acrylamide, methacrylate 



terminated poly-N-vinyl pyrrolidone, and their mixtures; as described in a series of articles by M. 
Akashi, et al. [Angew. Makromol. Chem., 132, 81 (1958); J. Appl. Polym. Sci., 39, 2027 (1990); J. 
Polym. Sci., Part A: Polym. Chem., 27, 3521 (1989)]. These maronomers can be prepared through 
esterfication of carboxy terminated N-vinyl pyrrolidone or acrylamide, P-mercapto-propionic acid 
chain transfer agent and chloromethyl styrene or methylacrylol chloride; the above articles are 
referenced in this application. 

It is preferable to include at least one polar monomer in the composition, however, the micro 
particles may also be prepared by using alkyl acrylate, alkyl methacrylate and/or vinyl ester alone or 
only in combination with other free radical polymerized vinyl monomers (such as vinyl acetate). 
However, when using alkyl methacrylate alone, a crosslinking agent must be added; unless the 
hydrophilic component contains more than one free radical co-polymerizable X group as defined in 
general formula I. It is best (most preferable) to contain at least 1-10 parts by weight of the polar 
monomers in the composition; such ratio will provide balanced PSA properties for the micro particles. 

Compositions for preparing micro particles may also contain multi-functional crosslinking agent. 
The term "multi-functional" used in this application refers to crosslinking agents that have two or 
more free radical polymerizable unsaturated vinyl groups. Useful multi-functional crosslinking 
agents include acrylate or methacrylate esters of diols, such as butanediol diacrylate; triols, such as 
propanetriol (glycerol); and tetrols, such as pentaerthritol Other useful crosslinking agents include 
polymerized esters of multi-functional acrylate and methacrylate, for example, poly-ethylene oxide 
diacrylate or poly-ethylene oxide dimethacrylate; polyvinyl crosslinking agents, such as substituted or 
unsubstituted divinyl benzene; and di-functional ethyl urethane acrylates, such as Ebecryl™ 270 and 
Ebecryl™ 230 (acrylates of polyurethane with a weight average molecular weight of 1500 and 5000, 
respectively, obtained from Radcure Specialties) and their mixture(s). 

Based on 100 parts by weight, it is preferable that the micro particle used in this invention is 
consisting of 100 parts or less than 100 parts by weight of at least one free radical polymerizable 
monomer; the said monomer is selected from alkyl acrylates, alkyl methacrylates, vinyl esters, and 
their mixtures; optionally, approximately 0-30 parts by weight of one or more polar monomers; and 
optionally, approximately 0-40 parts by weight of at least one hydrophilic oligomer or polymer 
component. 

Based on 100 parts by weight, it is preferable that the pressure sensitive micro particle used in 
this invention is consisting of 80-98 parts by weight of free radical polymerizable monomer; the said 
monomer is selected from alkyl acrylates, alkyl methacrylates, vinyl esters, and their mixtures; 
optionally, approximately 1-17 parts at least one polar monomers; and optionally, approximately 1-18 
parts of hydrophilic oligomer or polymer component. Based on 100 parts by weight, it is preferable 
that the said pressure sensitive micro particle is consisting of 87-98 parts by weight of free radical 
polymerizable monomer; optionally, approximately 1-8 parts polar monomers; and optionally, 
approximately 1-5 parts of hydrophilic oligomer or polymer component. 

When using crosslinking agent, the amount employed is often as high as 10 percent equivalent 
weight. Higher than approximately 0.15 percent equivalent weight (calculated from the total 
equivalent of the polymerizable micro particles composition) the micro particles become non-tacky. 
"Percent equivalent weight" of the compound is defined as the number of equivalent weight of the 



said compound divided by the total number of equivalent of the entire composition (of the micro 
particles), in which the number of equivalent is the number (weight) in grams divided by the 
equivalent weight. The said equivalent weight is defined as the molecular weight divided by the 
number of polymerizable group in the monomer (when there is only one polymerizable group in the 
monomer, the equivalent weight is equal to the molecular weight). The crosslinking agent may be 
added at any time before the said micro particle composition monomers are 100 percent converted to 
polymers; preferably being added prior to initiation. 

The relative amounts of the components in the above composition are important to the properties 
of the resulting micro particles. Using more multi-functional crosslinking agent will produce 
non-tacky micro particles. Under these circumstances, water soluble or water dispersible polymer 
component must be tacky. In the cases where water soluble or water dispersible polymer component 
itself is not tacky, the adhesive of the micro particles must be tacky. 

Water Dispersible Polymer Component 

The polymer component used in this invention has sufficient hydrophilic units; these units allow 
the polymer component to disperse in water. The polymer component preferably contains functional 
groups that are able to interact with the micro particles. For example, such functional groups include 
hydroxyl groups, carboxyl groups, amino groups, sulfonyl groups, etc.. It has been found that the 
adhesive of this invention, using polymer components containing these functional groups, has good 
shear strength. 

Many water dispersible materials may be used as the polymer component of this invention. The 
non-limiting example of these materials include surface active agents selecting from the following 
groups: Poly ethylene oxide alkyl phenyl ethers (such as commercially named IGEPAL®CO and 
IGEPAL®CA, products obtained from Rhone-Poulenc, Inc.); poly-ethylene oxide lauryl, cetyl, and 
oleate ethers (such as commercially named Brij®, products obtained from ICI Americas, Inc.); 
poly-ethylene oxide laurate, poly-ethylene oxide oleate, sorbitan oleate, and poly-ethylene 
oxide/poly-propylene oxide block copolymers (such as commercially named PLURONIC® and 
TETRONIC®, products obtained from BASF Company), and organic phosphate esters (such as Gafac® 
PE-510, product obtained from International Specialty Products). 

Other water dispersible polymers that could be used in this invention include polymers described 
in patents Nos. U.S.2,838,421; U.S.3,441,430; U.S.4,442,258; U.S.3,890,292; U.S.5,196,504 and 
DE-C23 11 76. Examples of these components include, but not limited to, selection from the 
following groups of materials: Poly-acrylic acid; poly-vinyl alcohol; poly-N-vinyl pyrrolidone, 
poly-acrylamide; poly-alkoxyalkyl (meth)acrylates [such as poly-2-ethoxyethyl acrylate, poly-2- 
ethoxy ethyl methacrylate, poly-2-(2-ethoxyethoxy) ethyl acrylate, and poly-2-methoxy ethyl acrylate 
(obtained from SARTTOMER Company)]; poly- vinyl methyl ether; poly-(vinyl methyl ether: maleic 
acid anhydride) (commercially named Gantrez™, products obtained from International Specialty 
Products); poly-ether polyols, such as poly-propylene-diols (such as commercially named Sannix™, 
products obtained from Sanyo Chemical Industries); and their co-polymers, etc.. These materials and 
alkyl (meth)acrylate esters or vinyl ester co-polymers are also suitable. Gums derived from okra and 
guar tree may also be used. 



An especially useful water dispersible polymer contains the pressure sensitive emulsion polymer 
mentioned above. When an emulsion of the polymer is combined with micro particles, a pressure 
sensitive composition with excellent shear strength is produced. These emulsion polymers contain 
polymerization product of poly-alkoxy alkyl acrylate and carboxylic acid. In addition, essentially 
water insoluble alkyl acrylate and a co-polymerizable emulsion monomer may also be added to the 
polymer composition; in general, the polymer composition consist of 0-40 parts by weight, preferably 
0 part by weight of such alkyl acrylate. The polymer mixture, in general, consists of 0-6 parts by 
weight, preferably 0-4 parts by weight of the emulsion monomer. 

Examples of poly-alkoxy alkyl acrylates used in the preparation of emulsion polymers include, 
but not limited to: 2-(2-ethoxy ethoxy) ethyl acrylate, 2-ethoxy ethyl acrylate, 2-methoxy ethoxy ethyl 
acrylate, 2-methoxy ethyl methacrylate, poly-ethylene glycol monoacrylate, and methacrylates, etc.. 

Examples of carboxylic acids used in preparing emulsion polymers include, but not limited to: 
acrylic acid, methacrylic acid, itaconic acid, butenoic acid, maleic acid, fumaric acid, P-carboxy-ethyl 
acrylate, etc.. 

Example of alkyl acrylates used in the preparation of emulsion polymers include, but not limited 
to: methyl (meth)acrylate, ethyl (meth)acrylate, n-butyl (meth)acrylate, 2-methylbutyl acrylate, 
iso-amyl acrylate, sec-butyl acrylate, iso-octyl acrylate,, 2-ethylhexyl acrylate, iso-nonyl acrylate, 
iso-decyl acrylate, etc.. 

Example of co-polymerizable surface active agent monomers used in the preparation of emulsion 
polymers include, but not limited to: anionic vinyl surfactants, such as sodium vinyl sulfonate, sodium 
styrene sulfonate, alkylene polyalkoxy sulfates, etc.. 

Another polymer component that may be employed in the micro particles containing adhesive of 
this invention is described in a pending application No. 08/093,080. The application describes a 
pressure sensitive adhesive polymer consists of AA, BB, and CC monomers. Where AA monomer is 
a hydrophobic monomer, with 2-14 carbon atoms, selecting from acrylate or methacrylate esters of 
non-tertiary alcohol. The AA monomer accounts for approximately 50-80 percent (by weight) of the 
AA+BB+CC monomers. The BB monomer may be selected from P-carboxy ethyl acrylate (BCEA) 
or its salts, and mixtures of BCEA and its salts, and other vinyl carboxylic acids or carboxylates. The 
BB monomer accounts for approximately 10-30 % (by weight) of the AA+BB+CC monomers. If 
BCEA and vinyl carboxylates or its salts is used, BCEA must account for at least 10 % (by weight) of 
the polymer. If a mixture of BCEA and vinyl carboxylic acid or its salts is used, BCEA must also 
account for at least 10 % (by weight) of the polymer. In addition, the carboxylic acid groups in 
polymer must already been neutralized by an alkali metal hydroxide. The amount of the hydroxide 
used to neutralize the acid groups is approximately 0.5-2 equivalents of the hydroxide per acid group. 
The CC monomer is a water dispersible, macronomer with the general formula of X-Y-Z. In the CC 
monomer, X is the portion that is capable of copolymerizing with AA and BB, Y is a divalent linking 
group joining X and Z, and Z is a water dispersible group; Z contains at least two elements which 
essentially will not react under free radical activation co-polymerization conditions (to form polymer). 
The CC monomer accounts for approximately 10-30 % (by weight) of the AA+BB+CC monomers. 

The said pressure sensitive adhesive has an intrinsic viscosity (IV) of approximately 0.2 to 
greater than 2 dl/g, in 2-butanone at 25°C. Preferably, the intrinsic viscosity is approximately 0.7-1.5 



dl/g. Most preferably, the intrinsic viscosity is approximately 0.9-1 .4 dl/g. 

The AA monomer used in the preparation of terpolymer is an ester of hydrophobic monomer 
acylate or methacrylate and a non-tertiary alcohol. The said non-tertiary alcohol consists of 2-14 
carbon atoms, preferably consists of 4-12 carbon atoms. The non-tertiary alcohol is preferred to be 
an alkyl alcohol. The term "hydrophobic", used to in this invention, refers to that AA monomer has 
no significant affinity for water, namely, at room temperature, it essentially neither adsorbs nor 
absorbs water. 

Examples of monomers that are suitable to be used as A monomer include acrylic esters or 
methacrylic esters of non-tertiary alcohols; such as ethanol, 1-proanol, 2-propanol, 1-butanol, 
2-butanol, 1-pentanol, 2-pentanol, 3-pentanol, 2-methyl-l-butanol, 1-hexanol, 2-hexanol, 
2-methyl-l-pentanol, 3 -methyl- 1-pantanol, 2-ethyl- 1-butanol, 3,5,5-trimethyl-l-hexanol, 3-heptanol, 
1-octanol, 2-octanol, iso-octanol, 2-ethyl- 1-hexanol, 1-decanol, 1-dodecanol, 1-tridecanol, and 
1-tetradecanol, etc.. Although (a combination of) two or more different AA monomers may also be 
suitable, but the preferred AA monomers are the butanol or iso-octanol ester of acrylic acid, or their 
mixtures. 

The amount of AA monomer used is preferred to be 50-80 % by weight, based on the total 
monomer content in preparing the terpolymer. The most preferred amount of the AA monomers used 
is 60-75 % by weight. 

The BB monomers used in the preparation of terpolymer is a polar monomer that is capable of 
copolymerizing with AA and CC monomers. They are BCEA or its salts, or mixtures of BCEA or its 
salts and vinyl carboxylic acid such as acrylic acid and its salts. Examples of useful vinyl carboxylic 
acid include acrylic acid, methacrylic acid, itaconic acid, maleic acid and fumaric acid. BCEA is a 
commercially available material, it is sold as a mixture of ingredients. For example, BCEA from 
Rhone Poulenc, Cranbury, NJ is available as a mixture of 20 % by weight acrylic acid, 40 % by weight 
of BCEA, and 40 % by weight of other acrylic acid oligomers. The amount of BB monomer mixture 
used in the preparation of polymer is preferably 10-20 % by weight. 

A neutralizer is used in the preparation of such polymer. The amount of neutralizer used is 
sufficient to neutralize at least 50 % of the acid portion of the copolymer in the adhesive. Excess 
neutralizer may be used, namely, as high as 2 equivalents of neutralizer per acid group; preferably, 
0.75-1 .5 equivalents of neutralizer per acid group. Alkali metal hydroxides or mixture of alkali metal 
hydroxides and a small amount of other neutralizes may be used for such neutralization. It is 
understandable to the technical personnel who are skilled in the field that many other neutralizing 
agents may also be used. In order to achieve the desired results, the selection and amount of 
neutralizer may be varied. However, the selected type and amount used must allow the adhesive to 
be dispersed. It is preferred to use sodium hydroxide or potassium hydroxide as the neutralizing 
agent. 

The CC monomers used in the preparation of terpolymer are water dispersible macro monomers. 
Preferably, the CC monomers contain only one vinyl group that is capable of copolymerizing with the 
AA and BB monomers. 

The CC monomers, in general, contains many hydrophilic sites, these sites are giving the 



required hydrophilic property to the monomers. 

A preferred X group of the CC monomer is a vinyl group with the general formula: 

H 2 C=CR l - 

where R 1 is a hydrogen atom or a methyl group. 

A preferred Y group of the CC monomer is a divalent carbonyl group. 

A preferred Z portion of the CC monomer is a oligomer/polymer material with a molecular 
weight of 300-30000, preferably 350-5000, most preferably 400-750. The Z portion is preferably to 
have a poly (ethoxyl oxazoline) or poly (N-vinyl pyrrolidone) or poly alkylene oxide structure. It 
may be possible to use a Z compound, it is a co-polymer of various compounds such as N-vinyl 
pyrrolidone and acrylamine. In preparing such co-polymer, only a small amount (less than 10 % by 
weight) of a monomer, such as acrylamide, is used. 

The amount of CC monomer employed is preferably to be 10-30 % by weight of the total weight 
of the monomers; more preferably, it accounts for 15-25 % by weight. 

The ratio of the micro particle component and water dispersible component used in this invention 
may be varied over a very wide range. For example, the adhesive composition may contain 0.1-99.9 
parts by weight of the micro particle composition, and 99.1-0.1 parts by weight of the water 
dispersible component. It has been found that it is preferable to use a certain narrower range of these 
two components in special applications. For example, adhesive composition, containing 50-95 
(preferably 60-95) parts by weight of micro particle component and 50-5 (preferably 40-5) parts by 
weight of water dispersible polymer component, is especially useful for preparing splicing tape. 

Adhesive compositions contain 10-50 (preferably 10-40) parts by weight of micro-particles and 
90-50 (preferably 90-40) parts by weight of water dispersible polymer component are especially 
useful for sealing systems in surgical dressing, body covers for mammals (such as surgical gowns, 
sheets, and covers, etc.). For these applications, when such tapes are used, they will not lose their 
pressure sensitive property during sterilization. A sterilization indicator may also be used at the same 
time, to indicate that a wrapped package has been through a sterilization cycle. Packages and tapes 
using the adhesive of this invention are washable, because the adhesive of this invention will disperse 
in a alkaline laundry solution, therefore, it is not necessary to remove the adhesive before laundering. 

Modifying Agents 

The adhesive composition of this invention may optionally contain one or more modifying agents, 
to provide or improve the required properties related to the preparation or application of the adhesive. 
The amount of modifying agent employed generally is sufficient to produce the desired effect yet is 
not affecting the pressure sensitive properties of the adhesive. Examples of useful modifying agents 
include, but are not limited to, thickening agents; such as thickening agent selected from an alkali 
swellable association polymers; such as commercial products UCAR POLYPHOBE, obtained from 
Union Carbide, Alcogum™ (obtained from Alco Chemical); Rheolate™ (obtained from Rheox); 
Acrysol™ (obtained from Rhom & Haas); and Carbopol™ (obtained from B. F. Goodrich). 



Neutralizes, which are generally used in conjunction with thickening agents or carboxylic acid 
functional polymers, may also be used in this invention. These neutralizing agents include, but are 
not limited to metal ions, such as sodium, potassium, calcium, magnesium, copper, aluminum, or zinc; 
as well as ammonia and organic amines, such as n-hexyl amine, mono ethanol amine, and hexane 
diamine. 

Other modifying agents, that alter the physical properties of the adhesive composition include, 
but not limited to, tackifying resins, plasticizers, pigments, fillers, flow controlling agents, and 
stabilizers. 

Suitable materials used for flexible carrier support or backing of products of this invention 
include, but are not limited to, paper, latex saturated paper, polymeric film, cellulose acetate film, 
ethyl cellulose film, cloth (such as non-woven sheet material from synthetic or natural materials), 
metal foil, and ceramic thin sheet. 

Examples of material suitable for flexible carrier support include polyolefins (such as 
polyethylene, polypropylene - including isostatic polypropylene), polystyrene, polyester, polyvinyl 
alcohol, poly ethylene glycol terephthalate, poly butanediol terephthalate, poly hexanolactam, poly 
(1,2 difluoro ethylene) etc.. Commercially available backing materials used in this invention include 
kraft paper (brown packaging paper) (obtained from Monadnock Paper, Inc.); cellophane (obtained 
from Flexel Corp.); spun bond polyethylene and polypropylene, such as Tyvek and Typar 
(obtained from Dupont, Inc.); and porous films prepared from polyethylene and polypropylene, such 
as Teslin™ (obtained from PPG Industries, Inc.) and Cellguard™ (obtained from Hoechst-Celanese). 

Flexible carrier support may also include substrate coated with a release agent. Such substrates 
are generally used when preparing adhesive transfer tape. Substrate coated with release agent is well 
known in the field. For example, it includes polysiloxane coated kraft paper, etc.. 

The tapes of this invention may also include a low adhesion backside (LAB) coating. Such low 
adhesion backside is generally coated on the backside of pressure sensitive adhesive surface in a tape. 
Low adhesion backside is well known in the field. 

The following application examples are used to illustrate these or those (various) application 
schemes of this invention. These application examples should not be regard as a limitation to the scope 
of this invention. The application examples are prepared, and then the following tests are performed, 
to test their wash-durability, bonding properties, adhesive properties, shear strength and repulping 
ability. 

Test Methods 

Bonding Properties 

In the said test, a Delrin wheel (weighing 29 grams), with a diameter of 8.13 cm, and a wheel 
width of 1.9 cm, is rolled down along a surface 26.7 cm long, at a horizontal incline angle of 24°; a 
test tape is placed on the said horizontal surface with the adhesive side facing up. The distance of the 
wheel traveled along the horizontal surface is measured. The bonding properties are inversely 
proportional to the rolling distance of the wheel. 



Repulping Ability 

The repulping ability is measured according to TAPPI test UM-213. For a double sided tape, a 
20 cm x 2.54 cm tape strip is sandwiched between two 20 cm x 2.54 strips of blotter paper. For a 
single sided tape, two 20 cm x 2.54 tape strips are attached to a blotter paper. The samples are cut 
into approximately 1.5 cm 2 squares. A sufficient number of 1.5 cm 2 blotter paper pieces are then 
added to the tape/blotter paper bonded pieces, to reach a total test sample weight of 15 g. The 
samples are then placed in a "Weilin" blender along with 500 ml of room temperature tap water. 
After the blender has run for 20 seconds, it is stopped for 1 minute, wash the paper material that is 
splashed onto the side and cover back to the bottom with a water bottle. The blender is then run for 
20 more seconds, and again washes the splashed paper back down by the method mentioned above; 
the blender is then run for final 20 seconds, and the paper stock is removed from the blender, a paper 
towel is then prepared in a paper making mold. The paper towel is removed from the mold, and 
placed between blotting paper for 90 seconds with a hydraulic press; it is then dried and inspected for 
any particles of un-repulped tape. If there are only two or a few particles, it is considered that the 
tape is passing the test. The presence of one or two particles is not considering a failure because they 
may be coming from contaminated equipment or screens. When a material is failing the test, 
particles will be dispersed over the entire towel. 

The above test is not suitable to apply to tape products that are using a non-repulpable backing 
such as polyester film. The dispersion capability of the adhesive on these baking may be measured 
by using the methods for measuring adhesive ^transfer tapes or an adhesive film on a water dispersible 
carrier layer. 

Laundering Test 

A piece of tape to be tested is laminated to an untreated 50 % cotton/50 % polyester fabric 
(obtained from Standard Textile Co., Cincinnati, OH, commercially referred to as Barrier Supreme™), 
to form a test sample. A 1.8 kg (4 lbs) rubber roller is used to laminate the tape to the said fabric, 
allowing the adhesive containing micro particles to be exposed. The test sample is then steam 
sterilized at 134°C, using a 10 minute 4 pulse pre -vacuum cycle and 1 minute steam drying. 

The test sample is then placed in a 60 lb commercially available washing machine (Milnor 
washer, Model No. 36021 BWE/AEA; Pillerin Milnor Corp., Kenner, LA) and washed, allowing the 
sample to go through a general surgical linen washing cycle, the said cycle include: (a) cold alkaline 
wash for 3 minutes using 0.1 % Paralate 55 GL11™ (Ecolab Inc., St. Paul, MN) commercial liquid 
laundry soda; 3 minutes of cold water rinse, and 8 minutes of hot break/suds wash using 0.1 % 
Paralate 55 GL11™ (Ecolab Inc., St. Paul, MN) commercial liquid laundry soda and 0.05 % Kindet™ 
(Ecolab Inc.) commercial laundry liquid; two 3-minute hot water rinsing; one 3-minute cold water 
rinsing; 3 minutes of cold sour/soft rinse using 0.05 % Tri Liquid Sour 55 GL™ commercial liquid 
laundry sour (Ecolab Inc.) and 0.05 % Tex Special Liquid™ commercial liquid cloth lubricant (Ecolab 
Inc.); and 6 minutes of pressing and squeezing to remove excess liquid. 

Each test sample is inspected; fabric with no adhesive residue is passing the test, while those with 
adhesive residue are failing the test. 



Adhesion 

This test is measuring an 180° peel adhesion against paper. A 3.175 cm bond paper is laminated 
to a 5 cm x 12.5 cm stainless steel test panel using a double coated tape. One end of a 2.54 cm x 25 
cm tape test sample is attached to the bond paper (if the test sample is double sided tape, one side of 
the adhesive of the test sample is cover with 68 g/m 2 kraft paper). A 2 kg roller is used to roll over 
the 12.5 cm long test sample at a speed of 30.6 mm/min, to assure uniform contact of the adhesive. 
The test sample is then folded against itself, and peeled off at a speed of 30.5 cm/min from the bond 
paper. An Instron, Model 1122, operating at 21°C under 50 % relative humidity, is used to record the 
force in peeling off the tape. 

Shear Strength 

Use 2.54 cm x 2.54 cm end portion of a 2.54 cm x 15 cm tape; if the said tape has adhesive only 
on one side, the adhesive is adhered to a bright annealed steel test panel, and use a 2 kg roller to roll 
over twice. If the tape has adhesive on each surface, the adhesive, whose shear strength is being 
tested, is adhered to a bright annealed steel test plate, a piece of 68 g/m 2 super smooth and clean 
finished kraft paper backing is then laminated to the other adhesive surface. The steel plate is 
clamped to a fixture that is 2° from vertical, allowing the free end of the tape to extend downward at 
an angle of 178° from the test panel; a 1000 g weight is attached to that end. Time (to the nearest 
minute) the tape separated from the test panel is recorded, shear strength is directly correlated to the 
time elapsed. Refer to test method, Test PSTC-7, for pressure sensitive tape mentioned above for 
other details. For tapes prepared from the adhesive of this invention, it is required to have as long a 
shear time as possible, preferably more than 1000 minutes; although, an adhesive may still be 
satisfactory even with a shear time as low as 40 minutes. 

Abbreviations 

The following abbreviations are used in the Application Examples described in this application. 
AA = acrylic acid 
B A = butyl acrylate 
BCEA = P-carboxyethyl acrylate 

PEOA = poly (ethylene oxide) monoacrylate, average molecular weight 750 

EOEA = 2-ethoxy ethyl acrylate 

EOEOEA = 2-(2-ethoxy) ethoxy ethyl acrylate 

HDDH (A ?, also see below Micro Particles C, D preparations) = 1,6-hexanediol diacrylate 

IOA = isooctyl acrylate 

MSA = micro particle adhesive 

PC = water dispersible polymer component 

PPG = poly propylene glycol 

PAA = poly acrylic acid 

PVA = poly vinyl alcohol 

Repulp = repulpability test 

P = pass (repulpability test) 



F = fail (repulpability test) 

The expressions inside the parenthesis at the beginning of each preparation indicate the monomer 
components and the weight percent of each component used in the preparation. 

Preparation of Micro Particles 

Micro Particles A aOA:AA:PEOA/97:2:n 

4.8 g of AA, 2.4 g of PEOA, and 1.13 g of Lucidal™-70 (70 % benzoyl peroxide, obtained from 
Elf Atochem) are dissolved in 232 g of IOA. 0.75 g of Siponate™ DS-10 (sodium dodecyl benzene 
sulfonate surfactant, obtained from Phone-Poulenc) is dissolved in 360 g of water. The IOA mixture 
is then added to the surfactant solution, and emulsified with an Omni™ mixer, until droplet size is 
smaller than 5 microns. The emulsion with 40 % solid is poured into a 1 liter baffled reactor, heated 
to 65°C, purged with nitrogen, and allowed to react for 8 hours. 

Micro Particles B (IOA :AA:PEOA/89: 1:10^ 

2.1 g of AA, 21 g of PEOA, and 0.21 g of poly (ethylene oxide) 9 dimetharylate, and 0.99 g of 
Lucidol™-70 are dissolved in 189.5 g of IOA; 6 g of Standapol™ (a surfactant, namely, ammonium 
lauryl sulfate, Hercules) is dissolved in 390 g of water. The IOA mixture is then added to the 
surfactant solution, and emulsified with an Omni™ mixer, until droplet size is smaller than 5 microns. 
The emulsion is poured into a 1 liter indented resin flask, heated to 65°C, purged with argon, and 
allowed to react for 18 hours. 

Micro Particles C aOA:BA:AA:PEOA/79:17:l:3 > ) 

2. 1 g of AA, 8.4 g of PEOA, 39.9 g of BA, 0.25 g of HDDA, and 0.99* g of Lucidal™-70 are 
dissolved in 189.9 g of IOA; 6.5 g of Standapol™ (a surfactant, namely, ammonium lauryl sulfate, 
Hercules) is dissolved in 390 g of water. The IOA mixture is then added to the surfactant solution, 
and emulsified with an Omni™ mixer, until droplet size is smaller than 5 microns. The emulsion is 
poured into a 1 liter indented resin flask, heated to 65°C, purged with argon, and allowed to react for 
22 hours. 

Micro Particles D flOA: AA:HDDA/96:2:2) 

4.2 g of AA, 4.2 g of HDDA, and 1.13 g of Lucidal™-70are dissolved in 230 g of IOA; 0.75 g of 
ammonium lauryl sulfate surfactant is dissolved in 360 g of water. The IOA mixture is then added to 
the surfactant solution, and emulsified with an Omni™ mixer, until droplet size is smaller than 5 
microns. The emulsion is poured into a 1 liter indented resin flask, heated to 65°C, purged with 
argon, and allowed to react for 12 hours; the micro particles obtained are not tacky. 

Micro Particles E f 100 % IOA) 

The micro particles are prepared in a 1 liter indented resin flask containing 450 ml of deionized 
water and 4 g of Standapol™. The said solution is stirred at 400 rpm, heated to 70°C, purged with 
argon, then 150 g of IOA and 0.71 g of Lucidal™-70 are added to the hot surfactant solution. The 
temperature is decreased to 65°C, and allowed to react for 22 hours. Measuring with an optical 



microscope, the average particle size is approximate 33 microns. 

Preparation of Water Dispersible Polymer Components 
PC-1 (EOEOEA:AA/80:2(n 

1217 g of deionized water and 0.39 g of potassium persulfate are added to a 3 liter flask, 
equipped with condenser, stirrer, and nitrogen purge line. The mixture is heated to 76°C, purged with 
nitrogen, and stirred at a speed of 150 rpm.o Preparation charges I, II, and III are prepared; charge I 
consists of 13.5 g of Mazon™ SAM 211 (obtained from PPG/Mazer Chemicals) dissolved in 100 g of 
deionized water; charge II consists of 0.39 g of potassium persulfate dissolved in 50 g of deionized 
water; and charge III consists of 240 g of EOEOEA, 60 g of AA and 0.09 g of tert-dodecyl mercaptan. 
Charge I and 75.0 g of charge III are added to the flask, reacted for 30 minutes. The remainder of 
charge III and all of the charge II are then added gradually over 1-2.5 hour to the flask. After adding 
all the charges, the content in the flask is allowed to react for 35 minutes; the emulsified content is 
cooled, and poured from the flask. The pH is 3.32, Brookfield viscosity = 5 cps, and the particle size 
is 182 \i. 

PC-2 (EOEA:AA/85:15) 

800 g of deionized water and 0.39 g of potassium persulfate are added to a 2 liter flask, equipped 
with condenser, stirrer, and nitrogen purge line. The mixture is heated to 76°C, purged with nitrogen, 
and stirred at a speed of 300 rpm. Preparation charges I, II, and III are prepared; charge I consists of 
13.5 g of Mazon™ SAM 211 dissolved in 100 g of deionized water; charge II consists of o.39 g of 
potassium persulfate dissolved in 50 g of deionized water; and charge III consists of 255 g of 
EOEOEA, 45 g (of AA ?) and 0.09 g of tert-dodecyl mercaptan. Charge I and 75.0 g of charge III are 
added to the flask, reacted for 30 minutes. The remainder of charge III and all of the charge II are 
then added gradually over 1-2.5 hour to the flask. After adding all the charges, the content in the 
flask is allowed to react for 35 minutes; the emulsified content is cooled, and poured from the flask. 
The particle size of the polymer is 94.3 \i. 

PC-3 (EOEOEA:BA:AA/75:15:10^ 

800 g of deionized water and 0.39 g of potassium persulfate are added to a 2 liter flask, equipped 
with condenser, stirrer, and nitrogen purge line. The mixture is heated to 76°C, purged with nitrogen, 
and stirred at a speed of 300 rpm.o Preparation charges I, II, and III are prepared; charge I consists 
of 13.5 g of Mazon™ SAM 211 dissolved in 100 g of deionized water; charge II consists of o.39 g of 
potassium persulfate dissolved in 50 g of deionized water; and charge III consists of 255 g of 
EOEOEA, 45 g of BA, 30 g of AA, and 0.09 g of tert-dodecyl mercaptan. Charge I and 75.0 g of 
charge III are added to the flask, reacted for 30 minutes. The remainder of charge III and all of the 
charge II are then added gradually over 1-2.5 hour to the flask. After adding all the charges, the 
content in the flask is allowed to react for 35 minutes; the emulsified content is cooled, and poured 
from the flask. The particle size of the polymer is 236 \i. 



PC-4 (EOEOEA:BA:AA/70:15:15) 

1672 g of deionized water, 20.9 g of Mazon™ SAM-211 and 2.1 g of potassium persulfate are 
added to a 3 liter flask, equipped with condenser, stirrer, and nitrogen purge line. The mixture is 
heated to 76°C, purged with nitrogen, and stirred at a speed of 200 rpm.o Prepare a pre-mixture 
consists of 292.6 g of EOEOEA, 62.7 g of BA, 62.7 g of AA and 0.30 g of tert-dodecyl mercaptan. 
The mixture is added to the flask using a dropping funnel over 5 hours. The emulsified content is 
allowed to cool, and poured from the flask. The pH = 2.46, Brookfield viscosity = 4.5 cps, and the 
particle size is 108 \i. 

PC-5 fEOEOEA:BA:AA/50:35:15) 

1672 g of deionized water, 20.9 g of Mazon™ SAM-211 and 2.1 g of potassium persulfate are 
added to a 3 liter flask, equipped with condenser, stirrer, and nitrogen purge line. The mixture is 
heated to 76°C, purged with nitrogen, and stirred at a speed of 200 rpm.o Prepare a pre-mixture 
consists of 209 g of EOEOEA, 146.3 g of BA, 62.7 g of AA and 0.21 g of tert-dodecyl mercaptan. 
The mixture is added to the flask using a dropping funnel over 6 hours. The emulsified content is 
allowed to cool, and poured from the flask. The pH = 2.55, Brookfield viscosity = 4.5 cps, and the 
particle size is 91.0 (i. 

PC-6 rEOEOEA:BCEA/82:18) 

2000 g of deionized water and 0.65 g of potassium persulfate are added to a 3 liter flask, 
equipped with condenser, stirrer, and nitrogen purge line. The mixture is heated to 76°C, purged with 
nitrogen, and stirred at a speed of 150 rpm.o Preparation charges I, II, and III are prepared; charge I 
consists of 22.5 g of Mazon™ SAM 211 dissolved in 100 g of deionized water; charge II consists of 
o.65 g of potassium persulfate dissolved in 50 g of deionized water; and charge III consists of 410 g of 
EOEOEA, 90 g of BCEA and 0.15 g of tert-dodecyl mercaptan. Charge I and 75.0 g of charge III are 
added to the flask, reacted for 30 minutes. The remainder of charge III and all of the charge II are 
then added gradually over 1-5 hour to the flask. After adding all the charges, the content in the flask 
is allowed to react for 35 minutes; the emulsified content is cooled and poured from the flask. The 
pH = 4.47, Brookfield viscosity =1.5 cps, and the particle size is 146 \i. 

PC-7 fEOEOEA:BA:AA/60:20:20 > ) 

1217 g of deionized water and 0.39 g of potassium persulfate are added to a 3 liter flask, 
equipped with condenser, stirrer, and nitrogen purge line. The mixture is heated to 76°C, purged with 
nitrogen, and stirred at a speed of 150 rpm.o Preparation charges I, II, and III are prepared; charge I 
consists of 13.5 g of Mazon™ SAM 211 dissolved in 100 g of deionized water; charge II consists of 
o.39 g of potassium persulfate dissolved in 50 g of deionized water; and charge III consists of 180 g of 
EOEOEA, 60 g of BA and 0.09 g of tert-dodecyl mercaptan. Charge I and 75.0 g of charge III are 
added to the flask, reacted for 30 minutes. The remainder of charge III and all of the charge II are 
then added gradually over 1-2.5 hour to the flask. After adding all the charges, the content in the 
flask is allowed to react for 35 minutes; the emulsified content is cooled, and poured from the flask. 
The particle size of the emulsified reaction product is 101 |x, and the Brookfield viscosity = 5 cps. 



PC-8 (EOEOEA:IOA:S-CEA/50:17:33) 

1200 g of deionized water and 0.39 g of potassium persulfate are added to a 3 liter flask, 
equipped with condenser, stirrer, and nitrogen purge line. The mixture is heated to 76°C, purged with 
nitrogen, and stirred at a speed of 150 rpm.o Preparation charges I, II, and III are prepared; charge I 
consists of 13.5 g of Mazon™ SAM 211 dissolved in 100 g of deionized water; charge II consists of 
o.39 g of potassium persulfate dissolved in 50 g of deionized water; and charge III consists of 150 g of 
EOEOEA, 51.0 g of IOA, 99.0 g of BECE, and 0.09 g of tert-dodecyl mercaptan. Charge I and 75.0 
g of charge III are added to the flask, reacted for 30 minutes. The remainder of charge III and all of 
the charge II are then added gradually over 1-3 hour to the flask. After adding all the charges, the 
content in the flask is allowed to react for 35 minutes; the emulsified content is cooled, and poured 
from the flask. The pH value of the emulsified reaction product = 3.32, and the Brookfield viscosity 
= 3 cps, and the particle size is 201 (i. 

PC-9 (EOEOEA: AA/95:5) 

800 g of deionized water and 0.39 g of potassium persulfate are added to a 2 liter split resin flask, 
equipped with condenser, stirrer, and nitrogen purge line. The mixture is heated to 76°C, and stirred 
at a speed of 1 50 rpm. Q The flask is purged with nitrogen at a rate of 1 liter per minute. Preparation 
charges I, II, and III are prepared; charge I consists of 15.0 g of Mazon™ SAM 211 dissolved in 100 g 
of deionized water; charge II consists of 0.39 g of potassium persulfate dissolved in 50 g of deionized 
water; and charge III consists of 285 g of EOEOEA (obtained from Sartomer Chemical Co.), 15 g of 
AA, and 0.09 g of tert-dodecyl mercaptan. Charge I and 75.0 g of charge III are added to the flask, 
reacted for 30 minutes. The remainder of charge III and all of the charge II is then added gradually 
over 1-2.5 hour to the flask. After adding all the charges, the content in the flask is allowed to react 
for 30 minutes; the emulsified content is cooled, and poured from the flask. 

PC-10aOA:AA/85:15) 

800 g of deionized water and 0.39 g of potassium persulfate are added to a 2 liter flask, equipped 
with condenser, stirrer, and nitrogen purge line. The mixture is heated to 76°C, purged with nitrogen 
(at 1 1/min), and stirred at a speed of 150 rpm.o Preparation charges I and II are prepared; charge I 
consists of 13.5 g of Mazon™ SAM 211 dissolved in 100 g of deionized water; and charge II consists 
of 225 g of IOA, 45 g of AA, and 0.09 g of tert-dodecyl mercaptan. Charge I and 75.0 g of charge II 
are added to the flask, reacted for 30 minutes at 76°C. The remainder of charge II is then added over 
2 hour. The content in the flask is allowed to react for 30 minutes; the emulsified content is cooled, 
and poured from the flask. The emulsified reaction product has a solid content of 26.8 % by weight, 
and the particle size is 128 nm (|x). 

PC-11 fEOEOEA:AA/90:10) 

2403 g of deionized water and 1.17 g of potassium persulfate are added to a 5 liter flask, 
equipped with condenser, stirrer, and nitrogen purge line. The mixture is heated to 76°C, purged with 
nitrogen, and stirred at a speed of 150 rpm.o Preparation charges I, II, and III are prepared; charge I 
consists of 40.5 g of Mazon™ SAM 211 dissolved in 297 g of deionized water; charge II consists of 



1.17 g of potassium persulfate dissolved in 100 g of deionized water; and charge III consists of 810 g 
of EOEOEA, 90 g of AA and 0.27 g of tert-dodecyl mercaptan. Charge I and 300 g of charge III are 
added to the flask, reacted for 30 minutes. The remainder of charge III and all of the charge II are 
then added gradually over 1-2.5 hour to the flask. After adding all the charges, the content in the 
flask is allowed to react for 30 minutes; the emulsified content is cooled, and poured from the flask. 

PC-12 (EOEOEA:AA/90:10) 

62.3 kg of deionized water and 21.2 g of potassium persulfate are added to a 25 gallon (95 liter) 
porcelain enamel (glass lined) reactor. The mixture is heated to 76°C, purged with nitrogen, and 
stirred at a speed of 75 rpm. 0 Preparation charges I and II are prepared; charge I consists of 1 .6 kg of 
AA, 735 g of Mazon™ SAM 211, 14.7 kg of EOEOEA and 4.9 g of tert-dodecyl mercaptan; charge II 
consists of 5.3 kg of deionized water and 21.2 g of potassium persulfate. 4.3 kg of charge I is added 
to the flask (? reactor), reacted for 30 minutes. The remainder of charge I and all of the charge II are 
then added gradually over 1-2.5 hour. After adding all the charges, the content in the flask (? reactor) 
is allowed to react for 1 hour. The emulsified reaction product is cooled, and poured (? discharged) 
from the flask (? reactor). The emulsified reaction product has a particle size is 228 \i, and the 
Brookfield viscosity = 4 cps. 

Application Examples 1-10 

Adhesive test samples are prepared through mixing of micro particles with 1 % by weight of an 
associative alkali swellable thickener (UCAR Polyphobe™ 104, obtained from Union Carbide) using 
only micro particle components A-E, which are then neutralize with potassium hydroxide and poly 
(oxypropylene) tert-amine, to a pH of 7. The adhesive is coated on a release surface, then dried in a 
79°C oven for 3 minutes; laminated to a "Crystex" thin paper, to obtain a single sided structure. To 
obtain a double sided structure, adhesive is coated on the opposite side of the single sided test sample, 
and dried in the similar manner. Test is conducted after the release lining is removed. 

Adhesive tape test samples, for Application Examples 1-10, are prepared as follows: Mix 
together micro particle component A with a necessary water soluble or water dispersible polymer 
component, then use the similar methods to thicken, neutralize, and coat as the method mentioned 
above in preparing tapes with micro particle components A-E. The water soluble or water dispersible 
polymer components are organic phosphate Gafac® PE-510 obtained from International Specialty 
Products; polyvinyl alcohol, with a molecular weight 8 x 10 5 g/mol; poly acrylic acid PAA, with a 
molecular weight of 2 x 10 5 g/mol; polyethylene oxide PEO, with a molecular weight of 10 6 g/mol; 
ethoxyalkylphenols Igepal® CA-520, CA-630, and C-630 (CO-630?, see Table 1 below) , obtained 
from International Specialty Products; polyalkylene glycol Sannix® SP-750, obtained from Sanyo 
Chemical Industries, and polypropylene glycol PPG, with a molecular weight of 400 g/mol. 

These application examples demonstrate that: addition of water soluble or water dispersible 
polymer component to the micro particle adhesive increases its tackiness while maintaining its 
repulping ability. These results are listed in Table 1 . 



Table 1 



Application Polymer 
Example Component 
Comparison None (all micro particle 
component A) 



1 


Gafac* 


PE-510 


2 


Gafac® 


PE-510 


3 


PVA 




4 


PVA 




5 


PEO 




6 


Igepal® 


CA-520 


7 


Igepal® 


CA-630 


8 


Igepal® 


CO-630 


9 


Sannix" 


6 SP-750 


10 


PPG 





Percent Tackiness Repulping Test 

P.C. (mm) CP/F) 

0 80 P 

0.5 15 P 

1.0 20 P 

1.0 33 P 

1.0 38 P 

1.0 29 P 

2.5 48 P 

2.5 47 P 

2.5 36 P 

5.0 30 P 

5.0 33 P 



Application Examples 11-21 

Application Examples 11-21 are prepared, with the similar methods as described in Application 
Examples 1-10, using micro particles component A and polymer components listed in Table 2, but 
without adding a thickening agent. 

These application examples demonstrate that: the adhesion performance is improved in all cases 
when the water soluble or water dispersible polymer component is a PSA, because in the majority of 
cases, it is tacky, while the repulping ability is being maintained. The results are listed in Table 2. 



Table 2 



Application Polymer 
Example Component 
Comparison None (all micro particle A) 



11 


PC-1 


12 


PC-2 


13 


PC-3 


14 


PC-4 


15 


PC-5 


16 


PC-6 


17 


PC-7 


18 


PC-8 


19 


PC-1 


20 


PC-9 


21 


PC-10 



%PC 
Component 
0 
22 
22 
22 
22 
22 
22 
13 
13 
13 
13 
22 



Tackiness 
(mm") 

80 

56 

17 

20 
123 

79 

14 

38 

20 

33 

21 

32 



Repulping 
Test (P/F) 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 



Adhesion 
(N/cm) 

3.6 

6.9 

8.0 

7.3 

7.1 

6.9 

8.4 

6.3 

7.1 

6.4 

5.8 

6.0 



Application Examples 22-23 

In Application Examples 22-23, PC-11 is used as the water soluble or dispersible polymer 
component, the microparticle is microparticle component A. Application Example 22 is prepared 
using similar method as described in Application Example 1. Application Examples 23-32 is 
prepared using similar method as described in Application Example 11. Application Example 33 is 
neutralized using similar method as described in Application Example 1. 

These application examples demonstrate the properties of this invention over a wide range of 
polymer component concentration range. As shown in Table 3, the results indicate that, comparing 
to Comparison Example A, the tackiness, adhesive and shear performance are improved (in most 
cases); at the same time, the repulping ability is maintained. 

Table 3 



Application 


Polymer 


Tackiness 


Repulping 


Adhesion 


R.T. Shear 


Example 


Component % 


(mm) 


Test OVF) 


(N/cm) 


Adhesion (min) 


Comparison 


0 (all micro particle 


80 


P 


3.6 


1330 


Example A 


component A) 










22 


5 


62 


P 


5.4 


2800+ 


23 


92 


37 


P 


5.4 


2800+ 


24 


13 


24 


P 


5.4 


2800+ 


25 


23 


21 


P 


6.1 


2800+ 


26 


31 


18 


P 


6.1 


2800+ 


27 


38 


18 


P 


5.7 


2800+ 


28 


43 


22 


P 


6.1 


2020* 


29 


47 


22 


P 


6.5 


1650* 


30 


60 


35 


P 


5.7 


130* 


31 


75 


33 


P 


5.9 


76* 


32 


90 


39 


P 


5.9 


57* 


33 


100 (all PC-11) 


31 


P 


7.8 


130* 



* indicates shear 

Comparison Example A suddenly falling off at 1 330 minutes. Application Examples 28, 29, and 
33 sheared at the time indicated. 



Application Examples 34-38 
These application examples demonstrate the effect of different ratio of EOEOEA and acrylic acid 
copolymer water dispersible polymer component with different types of micro particles adhesive 
mixture. Application Examples 34, 35, 36, 37, and 38 (containing polymer component) are prepared 
in the same manner as described in Application Example 11. 



Comparison Example B and Application Example 34 are comparing micro particles composition 
containing 10 % of PEOA. Comparison Example B uses no polymer component. Application 
Example 34 uses 22 % by weight of PC-5. As shown in Table 4, addition of PC-5 improves adhesion 
and repulping ability. 

Table 4 



Application Polymer PC Tackiness Repulping Adhesion 

Example Component Component (mm) Test (P/F) fN/cm) 

Comp. Examp. B B ... 19 F 5.8 

34 B PC-5 35 P 6.7 



Comparison Example C and Application Example 35 are comparing micro particles composition 
containing PEOA and butyl acrylate. Comparison Example C uses no polymer component. 
Application Example 35 uses 22 % by weight of PC-1. As shown in Table 5, addition of PC-1 
improves adhesion and repulping ability. 

Table 5 



Application Polymer PC Tackiness Repulping Adhesion 

Example Component Component (mm) Test (P/F) (N/cm) 

Comp. Examp. C C ... 33 F 3.7 

35 C PC-1 180 P 5.6 



Comparison Example D and Application Examples 36 and 37 are comparing micro particles 
composition that is not tacky. Comparison Example D uses no polymer component. Application 
Examples 36 and 37 use 43 % by weight of PC-4. As shown in Table 6, addition of PC-4 improves 
adhesion and repulping ability. 

Table 6 



Application Polymer PC Tackiness Repulping Adhesion 

Example Component Component (mm) Test (P/F) (N/cm) 

Comp. Examp. D D ... ...* P ...* 

36 D PC-4 150 P 1.3 

37 D PC-4 150 P 2.9 



* Not tacky, can not be tested. 



Comparing to other application examples (diameters, approximately 3 microns) described in this 
application, Comparison Example E and Application Example 38 use a relatively larger particle size 
(diameter, 33 microns) micro particle composition. Comparison Example uses no polymer 
component. Application Examples 38 uses 43 % by weight of PC-12. Addition of PC-12 improves 
adhesion and repulping ability. 



Table 7 



Application 
Example 



Polymer 
Component 



PC 
Component 



Tackiness 
(mm) 



Repulping 
Test (PfF) 



Adhesion 
(N/cm) 



Comp. Examp. E 
38 



E 
E 



PC-12 



170* 
130 



F 
P 



6.1 
4.1 



A pplication Examples 39-42 
The pressure sensitive adhesive tapes of this invention are prepared, laminated to an untreated 50 
% cotton/50 % polyester fabric (Barrier Supreme™), and then washed as the described in the 
Laundering Test Method. The backing of the tape is "Crystex" thin paper. The adhesive 
compositions and test results are given in Table 8. 

Table 8 



Application Micro Particle Component Water Dispersible Component 

Example Material Parts by Weight Material Parts by Weight 

39 A 78 PC-6 22 

40 A 87 PC-7 13 

41 A 87 PC-1 13 

42 A 87 PC-8 13 



There is no evidence of residue on the washed fabric in all of the test samples. 

Application Example 43 

A water dispersible polymer is prepared. A mono-methoxy polyethylene glycol monomer, with 
a molecular weight of 750, is prepared through Fischer esterification of Carbowax™ 750 (Union 
Carbide). 100 parts of Carbowax™ 750 and 100 parts of methyl benzene is placed in a flask 
equipped with a Dean-Stark condenser and a stirrer. The said solution is heated at reflux temperature 
for 2 hours. 11.3 parts of acrylic acid, 4.5 parts of toluene-p-sulfonic acid, 3000 ppm of Irganox™ 
PS 800 (Ciba-Geigy), and 500 ppm of thiodiphenylamine are added to the mixture. The solution is 
again heated at reflux temperature for 16 hours. Cool to room temperature, and the excess acid is 
neutralized with 4.5 parts of calcium hydroxide. The precipitate formed is filtered off. The methyl 



benzene is then evaporated under reduced pressure to obtain a 100 % solid acrylate monomer. 

A water dispersible pressure sensitive adhesive polymer is prepared as follows: Butyl acrylate, 
BCEA (a mixture of 20 % by weight acrylic acid, 40 % BCEA, and 40 % by weight of other acrylic 
acid oligomers available commercially from Rhone Poulenc), and mono-methoxy polyethylene glycol 
acrylate monomer are added to a 1 quart bottle containing a solvent mixture of ethyl acetate, methanol, 
iso-propanol and 0.51 g of azodiisobutyronitrile; the monomer input material contains 32-34 % 
polymer mixture. It is purged with nitrogen at a rate of 1 liter/minute for 2 minutes, to deoxygenate 
the mixture. The bottle is sealed and placed in a 55°C rotating water bath for 24 hours, allowing it to 
essentially polymerize completely. The intrinsic viscosity (IV) of the resulting polymer is measured 
in 2-butanone at 27.5°C. Neutralization agent (86.8 % pure KOH, calculated based on 100 % pure 
KOH, 1.25 neutralization equivalents) in 3.75 N 50 : 50 methanol : water (VYV) solution, is then 
added to the said adhesive polymer. Micro particles (A) are then added to the adhesive polymer, 
obtaining a final ratio of 20 g of micro particles to 100 g adhesive polymer (namely, 16.7 % by weight 
of micro particles). 

The resulting neutralized pressure sensitive adhesive composition containing micro particles is 
then coated on a 29 lb base weight kraft paper (M-2383 Smooth Crepe Semi -Bleached Kraft 
Saturating Paper, manufactured by Mosinee Paper Corporation of Mosinee, Wisconsin), forming the 
following sealing tape. 

Using a standard laboratory knife coater, the pressure sensitive adhesive, dissolved in a solvent 
system, is coated on the kraft paper at 0.68 g/154.8 cm 2 (24 in 2 ), then dry in a 100°C forced (air) oven 
for 15 minutes. 

The initial adhesion, adhesion after sterilization, package sealing before sterilization - T(0) , 
package sealing after sterilization - T(A), and dispersion ability of Application Example 43 and 
Comparison Example 1, with coated fluoro-chemical treated polyester packaging paper, are given in 
Table 9. 

Initial Adhesion of treated Surgical Drape Wrapper 
Fluoro-chemical treated polyester surgical drape (obtained from Standard Textile Co., Cincinnati, 
OH as WrapPel™ T) test samples are cut into 3.81 cm x 10.16 cm tapes, and # 410 double coated tape 
(obtained from 3M Company) is used to attach to a 5.08 cm x 12.2 cm steel plate. The application 
example sealing tapes (2.54 cm x 10.16 cm) of this invention are adhered to the said drape, and rolled 
over twice with a 2 kg rubber roller. 

Place one end of each steel plate into a set of clamps of an Instron Model 1122 Tensile Tester 
(Instron Corp., Canton, MA), the other end of the sealing tape is adhered to another set of clamps of 
the tensile tester, allowing the tape to be peeled off from the drape essentially at an 180° angle. The 
speed that the clamps are moving is 30.48 cm/min, the tensile tester record the force required to peel 
off the tape laminated to the drape. The results are recorded in Newtons/2.54 cm (N/2.54 cm). * The 
initial adhesion measurement is based on the fact that the tape has very little dwell time on the drape, 
namely the attachment of application example test tape and its peeling off has very little residence 
time (approximately less than 5 minutes), and sterilization has not yet taking place. 



Adhesion of Treated Tape after Sterilization 
Except prior to testing, the application example sealing test tape is steam sterilized at 273°F 
(134°C) for 10 minutes using a gravity cycle, then steam dry for 3 minutes, the method used in this 
test is similar to that of the initial adhesion test. The sterilizer used is Barnstead Model GLS-10D 
(MDT Biologic Co., Rancho Dominiquez, CA). In addition, the laminate is allowed to cool at room 
temperature for at least 4 hours. The results are recorded as N/2.54 cm. 

Static Shear Strength 

The static shear strength of the tape is tested using the following method. A stainless steel plate 
is washed with diacetone, wiped with tissue paper (KIM-WIPE), after washing in heptane and wiping 
with tissue paper, it is again rinsed twice in heptane. A section of tape is attached to a WrapPel™ 
drape material, obtaining a 2.54 cm x 2.54 cm bonding area. The other portion of the tape is hanging 
over the edge, and is folding back into a ring. Allowed a 2 kg roller to roll back and forth once over 
the bonded area along the length of the tape. A 250 g weight is tie to the ring, and allowed the device 
to hang down vertically at a room maintaining at 20°C and 50 % relative humidity. The failure 
(breaking) time is measured (the time falling from the stainless steel plate). 

Table 8 

Property 

Initial Adhesion 229 N/2.54 cm 

Adhesion after Sterilization 88N/2.54 cm 

Static Shear Strength 88 minutes 

Dispersion Ability Pass 



Although the invention has been described through specific application examples, it should be 
understood that further modification is possible for this invention. The claims are attempting to 
cover chemical equivalent of all variations of this invention that can be recognized by the technical 
personnel who are skilled in the field. 
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Systems: Their Chemistry, Pharmacy, & Biology , (D. Attwood and A. T. Florence, 
20 Chapman & Hall Limited, New York, 1983). inMimn^^im^^, M£ 

m&to. ^^mmmm^i^. mm, mm^-wm^-^mfm^mu, g 

fi^MM,. 3l£*JMJS*H!ft^ o.oi-io ft##j#5%Mt, i^pj 

0J?£IS^£»$ilEgS:in$#gffi«jEg$Mn Triton™W/30(j® g Rohm and 
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Haas); £#£ftRttK&ftft££g^ftZ.ft|fcfl*&, 4 ^z,*g 

M4td; *R+-&««iE»ffc, +-^*attt|t. 

£4fc?ft#, m & Alcolac, Inc.)fq PLURONIC™P103(_;|ij,g£$F ^Zl^fflglSF 

#ffiW££&&&tMT/BliS^jpJ 3,691,140; 4,166,152; 4,636,432; 4,656,2(18 
ft 5,045,569 Si?^flJMj£&£^£#/. 

20 100 %$$tf;i|ir, #^&&#£#illAPJIS£?l£». 

k2-¥«tbs. ^»k^js;s&. m&&wth§, m^mmrm. mmmi-zmz 

30 ^j&$R&tt&«ftiBft*«^-io-o x:MM$gB&sK¥£^ft«Bte£g'EZ 4 
#NI.£tt(*Rp3ftK&TBk pr&8#fcktfB§. ¥«pW&TB&* Z,BfcZi#Bk pg 

MWffiKBt ¥*^*&KB&ftZ i *S£B&--jS<£ffl. 

35 mzm^ £kz,#b^ ^k^bs. isz.^®, aezi^sg. ptKZi^ag. 
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T-m&j^-fo- mmm. ^m^mm. eii, mtm* ■M^m. ¥S 

trimethylamine p-vinyl benzimide , pggg N.N-— ^^-N-( p -fp MZj^^ffiMOfc 
(N,N-dimethyl-N-(beta-methoxy-ethyl) ammonium propionate betaine), N-£;J^gg 

£ ffy ^^.^(macromer): 



nJiO-l 

mm, ^tx^H 2 c=cR'-, R'f^H^cH 3 ; Y&wmmm-, n=i : z 



X-(Y) n -Z 




Rtommmmttmifmzfa mM.mm^m,z,^mmmmm. t*s***2, 
^iMiii^wii-i, mmmmz^-mmm^mmm. Tm.mmz.-m 

*£KEA£'£ff]W?R£tt. IEiPM.Akashi ^AW-m^J^^(Angew.Makromol. 
Chem., 132, 81(1985); J.Appl. Polym. Sci., 39, 2027(1990); J.Polym. Sci Part 
ArPoIym. ^.,27,3521(1989))^^^, ^^^M^^^^'^ 

ffl. ffl^fiff^S^l-10itft(H, att 4 #) 

mm%r.mMw%mm^mmM®m, *n-pf*«T-»aB, =7E»*qw= 

£, *q Ebecryl™270 ft Ebecryl™ 2 30( 1500 5000 ftpfftg 

Sb^^^Ih, i^jSg Radcure Specialties)2fcgig£^. 

KiXffiSft&ft 0-30 fi#ffrW-#a^fl, fttt ^ fr: wff 0 . 40 



mt, ^ffiM^s^w^ 87-98 B^u^mw^m^-w, mi&m*}i-*ift 
to. 

15 

®&%BLm* mm. mm, mmm%. mz&m, i^m^mmm^m^ms. 

IGEPAL®CO IGEPAL®CA , jft g Rhone-Poulenc, Inc.tfj^ «,); RJfHZ,^ft 
«&3S#to:gSi($nffi B ^£ffc#BrijV JfcglCI Americas, Inc.ftjtefi), 
25 ftZ^J&KBi. IWfiZ^MS^ ^Tkiij^Mi^ 3*«Z,jft/JF*Mj&& 
l££gltK«p D p£^3/ PLURONIC®^ TETRONIC®, M g BASF ^^.ftX 
^tH8IIfiKK#ni*J i International Specialty Products #j Gafac® PE-510). 

^RTfflT*S§8W7X^«ttSl^fei3& U.S.2,838,421 , U.S.3,441,430 , 
U.S.4,442,258 , U.S.3, 890,292 , U.S.5,196,504 ft DE-C23 1 1 76 4>£ ^toU^ 

Z.HSZ.gg. 2-z^g^ jgMWK 2-(2-Z,|caiZi^)Z.S§*l 

2-^aSZ,Ig(JKia SARTOMER |5Z,ffiS¥B8. 8KZ.ftg¥ 

Sf: Br^^SF)(l^p n p^|^^j Gantrez™, |ft g International Specialty Products 
35 fl). RBt^ffitiPJRMZlRl^CJPiafp^^^^; Sannix™, jg, g Sanyo Chemical 
Industries to/^pX -£fnto#R$3. S®fe^fll(¥«)^K«iaiB&g6Z,*«fiS 
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GSi. 5,#S£. W^P-$eZJg^. 

No.08/093,080 *. «*fl|&ff J-ft* AA % BB ft CC *#tt£tttt£fflX£ 

ftfiLWM. & AA AA + BB + CC Qfcfa 50-80%(£f;). BB g 

#»p-mz.ffl(BCEA)^jt, m A bcea ^n&wm^m, m£afcz.#a£« 

BBj£flc£ AA + BB + CC 10-30%(fig). j|p^^BCEA 

flZ.**»»a£«Ift&, bcea s^iSR-g-ttW 10 % (M). $qjH$M bcea 

Wi^S^K^^ItWrn^^, BCEA^^^^/j. 10 % M . £^ 
X-Y-Z^^^^. ftCC^, XJIpJ^ AA ft BB Y£g 

gxfflz^i^ig, ziTOM+wia, ztws^itsii 

«5iaW^«^#(M^^J5KR^^)TS2|5:^4SiStW47C. CC £ AA + BB 
+ CCQfcM 10-30%(jgJ|). 

T&R.WLfti£M&27-5x:, i-Tm^tiift&ttm™)®* 0.2 - XT 2di/ g . $ 

#«IV#j#0.7'- 1.5dl/g. ft#ftjIV#j3,0.9 - 1.4dl/g. 
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5 2-pf^ 1- T ^ 2-T*. l-&m. 2-&& % 2-ip3g-l- TS . 

1-BW, 2-B#. 2-Epgg-l-^ 3-¥*-l-ja*. 2.z,*-l-T». 
-1-B», 2-$fl[ % 2-ia-l-BW, 1-§|^ 1-+- 

10 AA 50-80 % M , WiWfc^RttWA 

*. aa imtommm#% 60-75 % g^. 

z%m&&tom?&ttmmm* ^jm, 3#ggfpgi&». bcea 

!5 S$fWtJJ|4. *£W£##I?g£&iijt. {», Rhone Poulenc, Cranbury,NJ ft<g 
W BCEA £ 20 % £g$jpg$$, 40 % ^ BCEA ft 40 % Mgfcpf jftgfljflS 

BB J^l^^/gM^ 10-20 % 

^rWttfflilJIM + »«, BPft&2£fttt*ftffl/g£. 0.75-1.5 

m?M& =. 7u#M «M cc cc p 3. 

cc e$.m-mm&) x sajiiut: n W2,»ai 



20 



30 



35 



H 2 C=CR f - 

CC W Z SP#Jl#?g3, 300-30000 , 350-5000 

400-750 ttftfcfc/a^fctffl. z W^*»Ji*(Z,*iai«l*i#)g6*(N.i# S 
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CCj^ttftftfc&fr^ft&gfcft 10 - 30 15 - 25%£1. 

ft^frMl^nJ^ 0.1-99.9 £ftM$&£-g-«tfR 99.9-0.1 S*^W*^«ttl5 

3" 10-50(^ 10-40)gf;^^^j[^fq 90-50($#90-40)g^f# 7 j c #$ C ft|t£ 

Umm^^m^^mm, flgg&ftUCAR* POLYPHOBE®, j$ g Union Carbide, 
Inc - &) ft bp ; Alcogum™( j$ g Alco Chemical); Rheolate™( jg g Rheox); 
Acrysol™(l|£j g Rohm & Haas); ft Carbopol™(lj^ g B. F. Goodrich). 

am^x rn^zm, mm. mzmm. i^r^ ®z,-mm, MM^-^mr 

£ Monadnock Paper, Inc.); $3^0$ g Flexel Corp.); ^jtf&gCspun- 
bond^ZL'ffimMnffi, in Tyvek™ft Typar™(jjg, g DuPont, Inc.); I^&^Z^ 
fnS0flHfcl*§M£?Lflf!. $P Teslin T M(i^ g ppq Industries, Inc.)ft Cellguard™(jjl£j g 
Hoechst-Celanese), 
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*&wMft&^&mmmrgmW;MLW). lab -mm&^wmm 

S^i*^*. ^-^1:^^8.13 cm , 1.9 cm |ft Delrin &(g# 29 £) 

26.7cm, Jg;*¥ffi*fc#24'fl<j¥.®i8T, £i£7jc¥ffi±#CaM!l 

#*-tt;^^TAPPI^UM-213f!JJ|W. tt^SXTO, «20 cm, 
2.54 cm |ft3?&3££M3fc 20 cm x 2.54 cm (£l*ft&|a]. *HF4M^, 20 cm 

x 2.54cm &)Wmti&W.mm±. ^«#M^1.5cm 2 ^. &Ji$&$&gft 
l.Scm^M^Jt^AiiJ^/M^^itt, 15 £. tit^tti* 

20##, a«r^W^rfeJW«#4ffM , 0/SiPJ&. »£#S*lfbftjg 20 ^ 

(S]S7XjEtn.t£E 90 ^ff^^ft^W^. jtaHHW 2 

&-#SIMT£M#M£SI*£t3to 50 %^/50 %H^*Rt/(!&g Standard 
Textile Co., Cincinnati, OH , ]^ n n p^^^j Barrier Supreme™)^, fjjjjgfcfc^. fl§ 1.8 



&/§#iiC##t£ 60 Ib.^TfT^Sfc^ta(Milnor washer, Model No. 36021 
BWE/AEA; Pillerin Milnor Corp., Kenner, LA)ifi jg^fc. ftgft^ 

n&mJp&'lkmVf. &tSfc&flSi i F'&#r: (a) £0.1%Paralate55GLll™n}?W?t#:#fc 
•^^(Ecolab Inc., St. Paul, MN^^fcffifc 3 3 ^^Jctf^, ft 0.1% 

Paralate 55 GL1 #?£ftLjft&$(EcoIab Inc., St. Paul, MN)jfg 0.05% Kindet™rfj 
W«ftJ(Ecolab Inc.)8 break/suds 3 — ^ 3 # 

fcr^Jt^; ft 0.05%Tri Liquid sour 55GL™flJgfttt8feft|fc(sour)(Ecolab Inc.) 
ft 0.05%Tex Special Liquid™T^^^^|Rjp|^^ij(Ecolab Inc.)3 

*«^di»f^W ^Ofll^^^ti. fflSffitMfiH 3.175 cmft&^36 
&(bond paper)jiHPJ 5 cm x 12.5 cm *fSfB«!l»«±. f&frft 2.54 cm x 25 cm 

®1Ttt#&K##M-^*!«£fflffl±). ft 2 kg ^^1^ 30.6 mm/min 
12.5 cm I^^I^J&M^. ^JRF«#lpjg.B-MXt*f, 
y 30.5 cm/min ft£21 ic fq 50 % ffiXtjlgf 

Iftlftlnstron Model 1122 iE^ft«f JEW;*?. 

l£ft 2.54 cm x 15 cm 2.54 cm x 2.54 cm jftfp. Jn^^fc—^ 

M^&im mftttGftmwi&ft%tt&!k®ffli$tii±, #m 2kg m&^mii. 

^fi^ft-^SSE^riSHa^^j:. S^&^ftttfttft^ftttgttg 178° 
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AA = ft®;® 

ba = mmmrm 
bcea -n%m-mz>m 

peoa = m^m,zfc-m%mm, ¥#j#^*^7so 

EOEA -Pf#K 2-2,1(362,11 

EOEOEA = 2-(2-2,H3|)2,g SZj |g 
HDDH = l,6-B-#ziP3ftgBS 
IOA = pg^®^^ 
MSA = ffirffe ftg-ftlj 

ppg = 

PAA = ggpfftg 
PVA -R2,»» 
Repulp = 

P - ii&(#£tt«g&) 

li$*Bff A(IOA:AA:PEOA/97:2:l) 

& 4.8 gAA , 2.4 g PEOA jfq 1.13g Lucidol™ -70(70 % ii&^lfJgfc, jgf g Elf 
Atochem)ff 232 g IOA ^ 0.75 g Siponate™DS-10(-f-r^^^g|^^^ffi 
f&&M, MS Rhone-Poulenc)^^^ 360g 7 Jc. $j=fla IOA jl-g-^ft] APJ^MfS 

ft 40 % #J?UMA?!j 1 ^ifr^Cbaffled^j^^cjn, ftjiftflj 65 tc , 

B(IOA:AA:PEOA/89:1:10) 
& 2.1g AA , 21 gPEOA . 0.21 g MKftZ&h. -*F£P3*KB&fn 0.99 g 
Lucidol™70 ^fl^ 189.5 glOA >ft 6 g Standapol™(— jft^jg^fiij, gp-j- r 
Hercules)^^ 390 g 7 Xt. IOA »#«jbPASIftMMi£M 
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C(IOA:BA:AA:PEOA/79: 17: 1 :3) 
#2.1gAA v 8.4gPEOA % 39.9 g BA . 0.25 g HDDA jff] 0.99 g Lucidol™-70 
189.9 g IOA*, «F6.5gStaDdapol™(_ #$Bfffittw> g P + -^ M 
ft, H«cules)$*^ 390 g 7 Jt*. fcjgfti IOA ti^tf jJAAPJ^ffi^^j^^, 
ffi Omni™ ja ^ ttJLiki iglRJUf^^/jx^ 5 &/s#?LMAllJ 1 fl-fffe 

D(IOA:AA:HDDA/96:2:2) 
:&4.2gAA, 4.2 g HDDA ft 1.13 gLucidol™-70 Jgfc^f 230g IOA *, >^0.75 

g ±r.mm^mwtm^mm^mmm=f 36o g ioa tg^jnAsm 

t^M^E(100%IOA) 

450 ml £&? 7 Jt*fl 4 g Standapol™ w j + 
S. «F»**«W400rpmft|,afiJS#, jjP^|IJ70TC, M&%R*l. &&j%m 
ffiHffl7k%t$L t p]]\}A 150 glOA ft 0.71 g Lucidol™. #^M^P$I!] 65 "C , it?S 
£*&K$22,jMtf. ^Mft^MMM, Wg«|^33ft*, 

PC-1(EOEOEA:AA/80:20) 

WMlM^fct ft 3 *HfcJK + jbHA 1217 g^&^zMfi 0-39 

i . n ft in . jgjfsf i ^mm^ ioo g ^^^ 7 xw 13.5 g Ma Z o n ™ sam- 

211(Jftg PPG/Mazer Chemicals). II ^fcjfc^ 50 £&-? 7 Jc|ft 0.39 g 

ff. »4 I" 240 g EOEOEA , 60g AA ^ 0.09 g ft + I 

fo 75.o g in ^A«t, 30 "^jgjftF^w^watJW in ffam 

35 ih?LifcWrt««^*p, ^«SJS+«F»ffi|tIl. PH = 

PC-2(EOEA:AA/85:15) 

2 ftteto^foA 800 g 0.39 
#»4 I . II fP HI . £ft I ^®M=F lOOg * fl^^ 13.5 g Mazon™ SAM- 



14 



211 . II tt&M? 50 £g? 7 Jtltt 0.39 g £*4 III 255 g 

EOEOEA . 45 g ft 0.09 g #»4 I ft 75.0 g $ft III ft Aftfc 

+ , £j&30##|i. &Mtt£&3P#W&*4 "I fODfWWiS^ II & 1-2-5 /jMtfrt& 
MIASMS*. *DA0rfiWa*tJS, m±i»*lttrt#^£& 35 th?L 
ttftl*]£$»*P, ^iUfefflJ + fc^tB. SI^J#J&£j*j94.3p.. 

PC-3(EOEOEA:BA:AA/75: 1 5:10) 

S#MSft*tti*fcflfto 2 ^ j, nA 800 g £&^ 7 jcft 0.39 

I . II ft HI . I S^&ljS?^ 100g jpjcfcj 13.5 g Mazon™ SAM- 

211 . II S^fcfc^ 50 ift^ft 0.39 g j&H m ^ 255 g 

EOEOEA, 45 g BA , 30 g AA ffl 0.09 g ft&ft I ft 75.0 g j£ 

^niinA^Mt', fij@t30^#. &j&fo£jkfip#to$tt "i ftflraFWaw n ft 
1-2.5 /jNtfrtSftftASIftflK'K JnAJSlfWWatJttJg, SihttJK + Wrt#»fiitt 

PC-4(EOEOEA:BA.AA/70: 15:15) 

ttttttftftrtttjEitf ft 3 ^ftJlS+JpA 1672 g £^ 7 jc, 
20.9gMazon~SAM.2Il ft 2.1 giJUttff. 76 ic, /Hfc^fcjg, 

200 ipm 292.6 gEOEOEA. 62.7 g BA , 62.7 gAA ft 

0-30 g^t-^S«Tl@I^M?i^tl. ffi'«M4S 5/JsHTf^^^tl^toAiJ 
iMMfc«rtg4&*ip, #&jfeJIE*tt£8tH. £iftpH = 2.46, 

^»^ = 4.5cps, JfejF^ 108ji. 

PC-5(EOEOEA:BA:AA/50:35:15) 

»##ftfcni*&tf» 3 ^-ftlS + ipA 1672 g £g^ 7 Jc. 
20.9gMazon™SAM-211ft2.1ga«tt*. M^M&^t:, ffifc^fcfi, 

200 rpm $£3-209 gEOEOEA, 146.3 g BA , 62.7 gAA ft 

0-21 g^+-^S«6<j^^^. fflffi«S4£M^rtft^Kra£$jfroAPJ 
&aE»F. itlLMftW^iP, tfM&JKtftgfcllfi. -£tfjpH = 2.55, 
^fcH*!i&=4.5 cps , effi^91.0fi. 

PC-6(EOEOEA:BCEA/82:18) 

^m^mnMnnmn^m^ 3 2000 g ia^ft o.es 

^Silf. J»JR^*iD»5 76t:, ffift^fca, #W 150 rpm M 

#»4 1 , II ft HI . »4 I fcfc^ lOOg jfcW 22.5 g Mazon™ SAM- 
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2H . Mft II ^MM=f 50 i&^ft 0.65 g ft® III ^ 410 g 

EOEOEA, 90 gBCEAffi 0.15 g I 3, 75.0 g Ill jf, B 

A«SJE + , £$30##f.. ^jRF'^SP^Wa^nijfq^^^n^E 1-5/JnHtT 
MittAIUM*. iDAJgffWWffl^, m±:&M*#jft#^&& 35 

£=1.5 cps, &£#146n. 
PC-7(EOEOEA:BA:AA/60:20:20) 

4IMI?«#Ml^fifiS 3 fl-jfefc+iDA 1217 g £&^ 7 Jcfq 0.39 

#»4 I , II fp III . I 100g ift^Tjcft 13.5 g Mazon™ SAM- 

211 . »4 II t^mm=f 50 £&^ 7 jc|tt 0.39 g jj^ III 180 g 

EOEOEA , 60g BA ft 0.09 g £+r ^i£*4 I 75.0 g £ft HI jfjpA^g 
JE*. 30 &B#&j£3P#«J&#!|- "I m#T^#J»4 II £ 1-2.5 /Mtf ft 

MinAgJMt. iuAfji^^m^js, mk&M*&nh®%i&.& 30 ^ 

?L4fcMrt^#ip, #J«$E*#&0J£B. ?Ufc£j@t/* s »M&&£ loin , fift 

PC-8(EOEOEA:IOA:p-CEA/50: 17:33) 

3 fl-ftJK^jDA 1200 g*]([f^ 0.39 
#»4I '. II iS^I^^T 100g ^^^ 7 Jc^ 13.5 g Mazon™ SAM- 

211 . 11 is^mm^ 50 £&T7jc#j 0.39- g a^^, ^ UI ^ 150 g 

EOEOEA, 51.0gIOA, 99.0 g BECE « 0.09 g I ft 75.0 

g»4iii*PA^JSt, fi&30#$f.. «M«F^»^Wat3WnifliJfr*wa#fn 
^ i-3/jNBlrti£MAiy«i*. jbnAJK^rwa^jg. SihftiKfWrt^fiia 

35 ih?LflsWrt#W4p, K)ktitU*1&-&®&. ?L^^^^PH=3.32, 
^&£^K^&^=3 cps , ®g^201n. 

PC-9 (EOEOEA:AA/95:5) 

i^i^W^SMi^i. ii mm. iS^i^^^ioog^^ 7 jc 

ft 15.0 g Mazon™ SAM-2 11 . £ft II 50 £&^ 7 JC|ft 0.39 g^, 

III -g-rf 285 g EOEOEAfl® g Sartomer Chemical Co.), 15.0 g AA jffl 0.09 g 

i » 75.o g&niiijmA8tm*>, £&30##. 
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PC-10(IOA:AA/85:15) 

0.39 gii«£Bftf¥. ^M^M&^TC, ffl&^(l l/min)Dfcft, #[^150rpm 
ftJ#2M4 I fP II . j2^4 I SW&fc^ 100g £^ 7 JC|ft 13.5 g Mazon™ 
SAM-211. »4lI^ 225 gIOA, 45.0 g AA ft 0.09 g fiL±-fcmj&,&. 
£4 I ft 75.0gj£*4II jjpA^Mt, 2Htg£76TC&&30##. ^HfiE2/j^rt 

^128nm. 

PC-11(EOEOEA:AA/90:10) 
15 &^W^^If,lt#^M^^ < g : ^5^^t^A2403 gi^ 7 Xft 1.17 

#i4!4 I , II ft III . I S^&fc^ 297.0 g £&^ 7 JCftt 40.5 g Mazon™ 

SAM-211. II S^jgfc^ 100£&^ 7 Jt#J l-17g£t«tK^. ^111^810 
gEOEOEA, 90.0 g AA ft 0.27 g ft j£*4 I ft 300 g ^ I" M 
20 AHt, £&30##. «BJ»S^ff^Wa« niWW*Wat#t Hft 1-2.5 /Js 

PC- 12 (EOEOEA:AA/90:10) 
25 & 25 jjp£(95 l)»ft£jfc# + *nA 62.3 kg £jg^ 7 Jcft 21.2 g &$riB£#, #g 

i23^Ift Il.a^I^W l-6kgAA, 735 g Mazon™ SAM-21 1 , 14.7kgEOEOEA 
fn 4.9 g »4 11 5.3 kg £&^ 7 Jtffl 21.2 & 4.3 kg 

m I iDAttt, MM 30 £££ 1.5-2 /jMlif rtiDA^jfeW^tta 

30 ^ I ftJ5f*iS*4 II . ^#ih«gMtWrtWi»&ifi£i/jNBt. ih0rf#?Lft&&j te to 

#*p, #&$tM+##®&. %imikrm®%L&% 228^ , ^^^^^g 

=4 cps , 

%MM 1-10 

35 m&m£fflt$L5 1 % g "1 *3 £ ift (associative) $ ^ Jfc jg 33 £,j (UCAR 
Polyphobe™104 , $j g Union Carbide)^^^^^^^^^ A-E 
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(release surface), 79 "C fi<j$*& rja ^ $ 3 frtft, JftMIEPJ "Crystex"^!:, 

E^s±ii*mfem^ a-e mmmmm^nmif^ 

igffi, *%\m%fi. J%m7m&<&7tttMmm£V>}&frMM& International 
Specialty Products fH)^#L$$^ Gafac® PE-510 , ^ft^/ 8 x 10 s g/mol 
^PVA, fr^%2 x 10 3 g/mol^^^PAA, 10 6 g/mol G^Jf 

^Zj^ p EO , Ijj^g International Specialty Products tfjZjUSsfoftc^ffi Igepal® 
CA-520 , CA-630 ft C-630 , jjlijg Sanyo Chemical Industries ftjUM&gZlg? 
Sannix®SP-750 % mfr?i% 400g/mol PPG . 



1 







% P.C. 


(mm) 


(P/F) 


m 


A) 


0 


80 


P 


i 


Gafac®PE-510 


0.5 


15 


P 


2 


Gafac®PE-510 


1.0 


20 


P 


3 


PVA 


1.0 


33 


P 


4 


PAA 


1.0 


38 


P 


5 


PEO 


1.0 


29 


P 


6 


Igepal®CA520 


2.5 


48 


P 


7 


Igepal®CA630 


2.5 


47 


P 


8 


Igepal®CO630 


2.5 


36 


P 


9 


Sannix®SP750 


5.0 


30 


P 


10 


PPG 


5.0 


33 


P 



n-2i 

s&Sfefcl 11-21. te*Mfi3!i. 

mil. mmi 1 ?^*. 
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% PC 


(mm) 


&(P/F) 


(N/cm) 






0 


80 


P 


3.6 


11 


PC-l 


22 


56 


P 


6.9 


12 


PC-2 


22 


17 


P 


8.0 


13 


PC-3 


22 


20 


P 


7.3 


14 


PC-4 


22 


123 


P 


7.1 


15 


PC-5 


22 


79 


P 


6.9 


16 


PC-6 


22 


14 


P 


8.4 


17 


PC-7 


13 


38 


P 


6.3 


18 


PC-8 


13 


20 


P 


7.1 


19 


PC-l 


13 


33 


P 


6.4 


20 


PC-9 


13 


21 


P 


5.8 


21 


PC- 10 


22 


32 


P 


6.0 



gfifeff!) 22-33 

22-33 J^fflWzKfttt^^ttttWR^ffl^JiPC-ll, ftg£L 

A . 22 ®%MM 1 ffl|W]^^ia^J#. &j»J 23-32 # 
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Ml 







(mm) 


i£(P/F) 


(N/cm) 






o(0f*r««:lR#A) 


80 


P 


3.6 


1330 


22 


5 


62 


P 


5.4 


2800+ 


23 


92 


37 


P 


5.4 


2800+ 


24 


13 


24 


P 


5.4 


2800+ 


25 


23 


21 


P 


6.1 


2800+ 


26 


31 


18 


P 


6.1 


2800+ 


27 


38 


18 


P 


5.7 


2800+ 






22 


P 


6.1 


2020(M) 


29 


47 


22 


P 


6.5 


1650(M) 


30 


60 


35 


P 


5.7 


BOQUtJJ) 


31 


75 


33 


P 


5.9 


76(W^]) 


32 


90 


39 


P 


5.9 




33 


100(J9f^PC-ll) 


31 


P 


7.8 


130(M) 



MX,® A£ 1330 ^^^^^-fr. £^#j28. 29 ft 33 £#t^IW|b]M. 



gjfiffl] 34-38 

m^mm^mmmm^^Mm^^^m. $1^34, 35, 36. 37 ^ 

*r tfcfci b fq^si^i) 34 10 % peoa wmeffl^. *t m b *mm£ 
®im. 34 ^ 22 % aj| pc-5 . ^4^, ^apc-s^t^^ 



4 









(mm) 


(P/F) 


(N/cm) 


XftfctflJB 


B 




19 


F 


5.8 


34 


B 


PC-5 


35 


P 


6.7 



xf c rngmm 35 tb$3- peoa wm^^ti^m^m^^. m&w c * 



mm® 






(mm) 


&(P/F) 


(N/cm) 




c 




33 


F 


3.7 


35 


c 


PC-1 


180 


P 


5.6 



M\tm D ft£%0y 36 ft 37 tb«!%«ii*tt61r««[fi#«. Xt tt« D 

5 £jjfe#J 36 ft 37 ^jglj^^ 33 ft 43 % Mft PC-4 . ftg- 6 flfjj*, flpA 



£%0i 






(mm) 


lft(P/F) 


(N/cm) 




D 




*** 


P 


*** 


36 


D 


PC-4 


150 


P 


1.3 


37 


D 


PC-4 


150 


P 


2.9 



10 



38 43 o /o M Pc-12 . fr, A pc-12 iftKTtt^ttinsKffciii,. 



15 









(mm) 


&(P/F) 


(N/cm) 


XtfcfctfJE 


E 




170 


F 


6.1 


38 


E 


PC-12 


130 


P 


4.1 



g^ffij 39-42 

Supreme'-*), fcjgfcfffctofcftjSjftfra^fcfc. ft + mM1ttt& "Crystex" 
20 £«. *8+WaT»«tt«f^JWffl^«lfPJglfff«*. 



21 



MJl 









Mat'l. 




Mat'l. 




39 


A 


78 


PC-6 


22 


40 


A 


87 


PC-7 


13 


41 


A 


87 


PC-1 


13 


42 


A 


87 


PC-8 


13 



43 

*U&7£#tfcttW8E£#J. g»«:^BS4fc Carbowax™750(Union Carbide)ftj 
750 to4¥££Sl£:rB?PW&IMMfc. # 1Q 0 ifr Carbowax™750 ft 100 

2 /jMtf. |Sji^?i^t/^*nA 11-3 flmftg, 4.5 .#*f(|J=$:$J|g, 3000 ppm 
Irganox™ PS 800(Ciba-Geigy)ft 500 ppm 16 

*#PJ@i£to ioo *pi$Bg&$tt a 

7X^»tt£E«!tt^3lflJSE^W«!l#*a^: &PT»KTB&(BA), BCEA(Rhone 
Poulenc toff ft 20 % M^ftg, 40 % BCEA ft 40 % M^ETf ftttftfttttt 

^¥*C**Z.z:WPI#&i|.|S4#iPAi!l*^rz,»Z.», #Pf#» 

0-51 g fl«-#TJ»*jW?a^»W 1 ^flMS*. 32-34 % 

£#f. I 3T-/4hWafcftH«t^?fcS 2 <£«i£Mm. 

55x:^$t7X^f^a24^^, tegai*±^£*£. ^^27.5- C ^2-TSMt 
M#*§*£4fe»tttttt*(IV). l-iaEtt^WJU^^HA*^ 3.57N 50: 50 
7jc(V/V)^^^^ft^ij(86.8%^KOH I & 1 00 KOH if, 1.25 ^fti^fi) 
«JStt««(A)fflAtt£ffl*£4& + . »PJ20g«ttxt 100g tt£#JKg-ttft*j§ 

tt5flltWWmWffi**!i^ffl^ftft« 29 «F«fi^ft«±CMosinee 

Paper Corporation of Mosinee, Wisconsin M-2383 Smooth Crepe Semi- 

Bleached Kraft Saturating Paper), ^J&Tik^J^iif^. 

8 0.68 g/154.8 ^24in i )tommmmm^Mtmm»»^m : fmm»m^ 



22 



^M^flkm^m^m^im ^ Standard Textile Co., Cincinnati, OH as 
WrapPel™ T )^^3.81 cm x 10.16 cmf, # 410 MM^mm^ 3M 

&^)fc£*!iJfc&5.08 cm x 12.2cm^«_t. ##£IM£M&:W(2.54 cm x 
10.16 cm)teft^tH& ±, f£Jsm 2 kg fiW*iRft«MJ!fc. 

^^^^fe^-^^^Instron Model 1 122 fefaj^flUInstron Corp., Canton, 

180*Wf!l^JrtF^tt^±^l». &JK&J®$l&m% 30.48 cm/min , 
ft^iS^ilt^iW^jlMMM^. ^miB^^/^^/2.54 cm(N/2.54 



fttt3fctt« 273°F(134 ^$0i|ffi#$&ftjB$ 10 ##S;fj ^(gravity 

cycle), ttfeMHTm 3 *«»fi[ffl*Jtt*!i^tt««ffiKW^rfe. Mffl 

#J?8#t£Ji Barnstead Model GLS-10D (MDT Biologic Co., Rancho Dominquez, 

ca). ^^tmB.^^uTnn^^m. ^tuie^ N/2.54 

cm 



(kim-wipe)^^, nmmmtk^, mm®. 

^^M^WraPeFMTi),|0^4 ±) - m] 2.54 cm x 2.54 cm ftife^mfo. 

f&-&. ^ 250 gWfi**«ai«±, ^l^fllfif^f 20x:ki50 









229 N/2.54 cm 




88 N/2.54 cm 


saunas* 


88 ft 
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